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CONVERSION FACTORS

Except as noted below, inch-pound units were used in this report. For those readers who prefer metric

(International System) units, the conversion factors are listed below:

Multiply inch-pound unit By To obtain metric unit
acre 0.4047 hectare
acre-foot per year (acre-ft/yr) 1,233 cubic meter per year
cubic yard (yd3) 0.7646 cubic meter
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
foot per minute (ft/min) 0.3048 meter per minute
cubic foot per second (ft3/s) 0.02832 cubic meter per second
gallon (gal) 3.785 liter
gallon per minute (gal/min) 0.06309 liter per second
gallon per minute per foot [(gal/min)/ft] 0.2070 liter per second per meter
inch (in.) 254 millimeter

2.54 centimeter
inch per year (in/yr) 254 centimeter per year
mile (mi) 1.609 kilometer
square mile (mi?) 2.590 square kilometer

Metric units were used for chemical concentration and particle size. To convert metric units to inch-pound
units, multiply the metric unit by the reciprocal of the applicable conversion factor listed above.

Abbreviations used:
cm/s - centimeter per second
mg/L - milligram per Lter

pg/L - microgram per liter
uS/cm - microsiemen per centimeter
at 25° Celsius

Air temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by
using the equation:

Temp. °C = (temp. °F-32)/1.8

Water temperature is given in degrees Celsius (°C), which can be converted to degrees Fahrenheit (°F) by
using the equation:

Temp. °F = 1.8 temp. °C + 32.

Electrical resistivity is given in ohm-meters (ohm-m), and specific conductance is given in microsiemens per
centimeter (uS/cm) at 25 ° Celsius. Microsiemens per centimeter is numerically equal to micromhos per centimeter.

In this report sea level refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic

datum derived from a general adjustment of the first-order level nets of both the United States and Canada, formerly
called Sea Level Datum of 1929.
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METHODS FOR SELECTION AND HYDROLOGIC DESCRIPTION

OF POTENTIAL LANDFILL SITES IN SOUTHEASTERN

SAN DIEGO COUNTY, CALIFORNIA

By Charles A. Kaehler

ABSTRACT

Increasing urban growth in western San Diego
County, along with population growth in the rural eastern
part of the county, has created a need for additional
landfill sites for household waste (Class II) disposal.
Correspondingly, both the capacity in existing landfills
and the number of suitable sites for future landfills in
western San Diego County are decreasing. The primary
objective of this study was to develop and test methods
for appraisal of potential landfill sites, using southeastern
San Diego County as the area of study. The methods
were applied to phase 1 of the study, which involved the
selection and preliminary evaluation of several potential
landfill sites, and to phase 2, which included the collec-
tion of geologic and hydrologic data to aid in the more
detailed evaluation of two potential sites that are geohy-
drologically different.

Successful methods applied to phase 1 include the
compilation of topographic, geologic, and hydrologic
information from existing sources and from limited site
visits, and the use of vertical electrical-resistivity
soundings to provide additional information about
subsurface geology. Topographic maps, low-altitude

aerial photographs, field observations, existing hydrologic
and climatic records, and the geophysical soundings were
useful for compiling and checking topographic, geologic,
and hydrologic data needed to describe the sites; high-
altitude Landsat photographs were less useful.

The methods used in phase 2 include: (1) data
collection from existing wells and springs on and near the
sites; (2) drilling of test holes, construction of test wells,
and collection of subsurface lithologic data; (3) measure-
ment of ground-water levels; (4) aquifer tests using the
test wells; and (5) sampling and chemical analysis of
water. The augering of test holes was relatively quick
and provided actual hthologic samples rather than the
indirect interpretation of Hthologies obtained through
geophysical methods. The disadvantages of augering
include limited depth of penetration and difficulties with
boulders in alluvium or hard zones in weathered rock.
The water-quality data provide information on historical
and current water quality in the site areas. The data also
are useful, in conjunction with geologic information and
water-level measurements, for interpretation of the
ground-water flow system. Such interpretation can
include qualitative assessment of horizontal and vertical
components of flow, sources of recharge, and flow
between basins.
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INTRODUCTION

Rapid urban growth in western San Diego
County, along with population growth in the
rural eastern part of the county, has created a
need for additional landfill sites for household
waste (Class IT) disposal. Currently (1989),
waste generated in the eastern part of the
county is transported by truck to landfills in
western San Diego County. Both the remain-
ing capacity in existing landfills and the num-
ber of suitable sites for future landfills are
decreasing in western San Diego County as a
result of urban growth.

Faced with this problem, the County of San
Diego has a need for quick and inexpensive
methods of locating and evaluating potential
landfill sites in the eastern part of the county.
To help fulfill this need, a study to develop
and test methods of selecting preliminary sites
and of evaluating potential sites for their
hydrologic suitability was undertaken by the
U.S. Geological Survey in cooperation with the
San Diego County Department of Public
Works, Solid Waste Division.

The southeastern part of the county (fig. 1)
was chosen as the study area for development
and testing of methods. The boundaries are:
a north-south line from the town of Ramona
to the United States-Mexico border on the
west; Highway 78 on the north; the San Diego-
Imperial County line on the east; and the
United States-Mexico border on the south.

The primary objectives of this study were to
develop methods for geohydrologic appraisal
of potential landfill sites, and to test and eval-
uate the usefulness of these methods by apply-
ing them to the investigation of selected poten-
tial sites.

The study consisted of two parts. In phase
1, methods were evaluated for selecting and
screening a large number of potential landfill
sites. Phase 2 involved collecting more-detailed
geologic and hydrologic data to aid in the

evaluation of two selected potential sites that
are geohydrologically different.

Purpose and Scope

This report presents a description and
evaluation of methods that were developed to
select potential landfill sites in southeastern
San Diego County, and a hydrologic descrip-
tion of two selected potential sites.

Guidelines for the selection of potential
landfill sites of suitable specifications and
physical settings were provided by the San
Diego County Department of Public Works
and were augmented by guidelines for geo-
hydrologic suitability provided by the Cali-
fornia Administrative Code (California State
Legislature, 1984). However, even though the
study, in part, resulted in a description of two
sites, the study was not meant to provide all
the information necessary for the State permit
process for siting and construction of new
landfills. In addition, the two sites that are de-
scribed in more detail are not specifically
rated or ranked with regard to degree of
compliance with the State guidelines. The
suitability of a site depends in part on the
results of investigations beyond the scope of
this study, and on the eventual design, con-
struction, and operating procedures of the
landfill.
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Numbering System for Wells and Springs

Wells and springs are numbered in this
report according to their location in the rect-
angular system for the subdivision of public
land. The study area lies entirely in the south-
east quadrant of the San Bernardino base line
and meridian. The part of the number preced-
ing the slash (as in 17S/6E-10F1) indicates the
township (T. 17 S.); the number and letter

after the slash indicates the range (R. 6 E.);
the number following the dash indicates the
section (sec. 10); and the letter following the
section number indicates the 40-acre subdivi-
sion of the section according to the diagram
below. The final digit is a serial number for
wells in each 40-acre subdivision. Springs are
numbered using the same system except that
an S is placed between the 40-acre subdivision
letter and the final digit.

RSE R6E R7E
T15S
T16S
T178
R6E
61543 1

T17S

-17S/6E-10F1

STATE AND COUNTY SITE-SELECTION
CRITERIA

Criteria for suitable landfill sites provided
by the San Diego County Department of
Public Works (referred to in this report as the
"County") included study-area boundaries,
areal size, potential volume of material avail-
able for excavation, and general topographic
and geohydrologic guidelines. The study-area

boundaries (fig. 1) were specified by the
County and excluded urban and State
parklands from consideration. Originally, it
was suggested that each potential site be a
topographically and hydrologically closed basin
of between 100 and 400 acres, with an approxi-
mately level perimeter ridgeline enclosing a
volume of more than 2 million yd®>. This
would provide a landfill similar in concept to
existing landfills in the western part of the
county; each of those landfills involved the

4 Methods for Selection and Hydrologic Description of Potential Landfill Sites



filling of an existing canyon. Early in the
search process it became evident that topo-
graphically closed basins meeting other criteria
could not be found in the study area. There-
fore, the criteria were changed to an area of
approximately 100 to 400 acres having rela-
tively low slope and containing an unsaturated
volume "capable of being excavated" of more
than 2 million yd>. A further requirement was
that the base of the calculated unsaturated
volume be a minimum of 5 feet above the
water table. To address this volume criterion,
the following were considered: lithology of
fill, depth to water, and presence of boulders,
bedrock outcrops, and buried pediments.

Criteria involving access, site visibility from
major roads, and presence of cultural features
(such as buildings) and nearby wells were not
explicitly listed by the County. However, brief
notes were made during phase 1 for sites at
which these factors might be significant.

In addition, geologic and hydrologic siting
criteria were obtained from the California
Administrative Code regulations concerning

discharges of waste to land (California State

Legislature, 1984); these regulations include
definitions, siting requirements, and construc-
tion standards for Class I, II, and III landfills.
These criteria include, among others, mini-
mum distance between waste and ground
water, and minimum distance from flood
plains, faults, and areas of potential rapid
geologic changes. This study is oriented to-
ward Class II landfills, which are defined as
having the capability of accepting designated
waste in addition to nonhazardous solid waste.
Nonhazardous waste is defined as all wastes
except those that contain wastes that must be
managed as hazardous waste or as designated
waste (California State Legislature, 1984, p.
2.8). Designated waste is nonhazardous waste
that contains soluble pollutants that could be
released at concentrations in excess of appli-
cable water-quality objectives or that could
cause degradation of waters of the State (Cali-
fornia State Legislature, 1984, p. 2.7). The
administrative code regulations state that Class
II waste-management units shall not contain

hazardous waste. The regulations also state
that natural or artificial barriers or liners shall
be used to prevent the movement of fluid,
including waste and leachate, from the landfill
to ground water or surface water.

Many of the criteria for decisions involving
the siting, construction, and operation of solid-
waste landfills concern the protection of sur-
face water and ground water from impairment
of beneficial uses. For example, the State
regulations specify that wastes shall be a mini-
mum of 5 feet above the highest anticipated
altitude of underlying ground water (California
State Legislature, 1984, p. 3.1) In addition,
knowledge of the occurrence and movement of
surface water in the vicinity of potential land-
fill sites is important because of the possibility
of pollution of surface-water resources, the
possibility that the surface waste then may
cause degradation of ground-water quality, and
the possibility of physical damage to a facility
caused by streamflow or flooding. In this
regard, the administrative code (California
State Legislature, 1984, p. 9-12) states that a
Class II site shall be designed to prevent inun-
dation or washout from floods with a 100-year
recurrence interval.

Seismic activity also can adversely affect the
integrity of a landfill structure and thereby
allow leachate to enter surface-water or
ground-water systems. The criteria set by the
State for location of a Class II site include a
200-foot setback from any known Holocene
fault (California State Legislature, 1984, p.
3.8). Therefore, Holocene faults within or
near potential landfill sites must be identified.

A primary concern in the siting and design
of a landfill is prevention of downward move-
ment of leachate from the landfill into the
ground-water system. In this regard, the regu-
lations state that Class II landfills shall be
immediately underlain by natural materials
with a hydraulic conductivity of not more than
1x10% cm/s [2.8x10 ft/d], or be underlain by
an artificial liner of the same maximum con-
ductivity (California State Legislature, 1984,
p. 3.6-3.7).

State and County Site-Selection Criteria 5



METHODS FOR SELECTION OF
POTENTIAL LANDFILL SITES

Phase 1--Initial Selection of Potential Sites

The initial selection and screening of poten-
tial landfill sites was a reconnaissance-level
effort to locate and compile basic information
on a large number of sites. The initial selec-
tion was based on the general topographic,
size, and geohydrologic criteria specified by
the San Diego County Department of Public
Works and discussed in the preceding section
of this report. The basic information that was
obtained, primarily geohydrologic in nature,
allowed a smaller number of sites (two) to be
selected for more detailed study during phase
2 of this study.

At the beginning of phase 1, 29 potential
landfill sites were selected on the basis of
generalized topographic, hydrologic, and
cultural features shown on U.S. Geological
Survey 7.5-minute topographic maps. Eighteen
sites were deleted after brief site visits re-
vealed unsuitable geohydrologic or cultural
features--such as bedrock outcrops, swampy
areas, or buildings--not indicated on the maps;
two sites spotted during site visits were added.
The remaining 13 phase 1 sites then were
evaluated using topographic maps, aerial
photographs, field observations, available
geologic and hydrologic data, and vertical
electrical-resistivity soundings. All the infor-
mation was presented on phase 1 summary
sheets.

USE OF TOPOGRAPHIC MAPS, AERIAL
PHOTOGRAPHS, AND FIELD OBSERVATIONS

U.S. Geological Survey 7.5-minute topo-
graphic maps (1:24,000 scale) were used for
preliminary selection of potential landfill sites.
The maps helped determine areas that proba-
bly meet the size, slope, surface-water drain-
age, and land-use criteria. The maps also
showed many of the cultural features, such as
roads and buildings, to be avoided when
choosing sites. Features not always apparent

on topographic maps that could cause elimina-
tion of an initial selection after a site visit
include meadows or marshy areas (indicating
shallow depth to ground water), areas of
bedrock outcrop within valleys, and cultural
features built or changed since the maps were
last updated.

The approximate surface area of each of
the 13 sites was determined by digitizing the
area on the topographic map. The site bound-
aries were approximately drawn and may
include land containing a house or houses.
Other measurements that were made directly
from the maps are altitudes and slopes of land
surface. The maximum and minimum altitudes
for each site were determined, and slope was
calculated for a representative area of each
site.

The topographic maps show the location of
surface-water features and the direction of
surface-water flow. The size of the drainage
basin as determined from the maps helps in
estimating the potential magnitude of surface-
water flows. In addition, topography and the
direction of surface-water flow often were
useful in estimating direction of ground-water
flow where data on ground-water levels were
not available.

Low-altitude (1:12,000 scale) color stereo-
pair aerial photographs were used as a non-
quantitative supplement to the maps and
preliminary-site visits. Aerial photographs
covering the entire county were available from
the County Mapping Department. Landsat
images were proposed for use in determining
land use and in mapping structural lineaments
that may affect subsurface and surface move-
ment of water. However, the Landsat images
were found to be of little use because they are
of small scale and coarse resolution. Structur-
al lineaments in the study area large enough to
be seen on Landsat images generally appeared
on existing geologic maps. Low-altitude aerial
photographs, such as were used in phase 2 of
the study, would be useful for determining
land use and for mapping geologic and hydro-
logic features.

6 Methods for Selection and Hydrologic Description of Potential Landfill Sites



Brief visits were made to the 13 phase 1
sites after land ownership was determined
from the County Assessor’s records. The
purpose of the visits was to field-check obser-
vations made from the topographic maps and
to begin collection of geologic and hydrologic
information.

An important field observation is the loca-
tion and abundance of bedrock outcrops. The
presence of outcrops may necessitate a change
in the site boundaries or elimination of a site
entirely. Observation of outcrops and other
geomorphologic features such as pediments
(broad, sloping erosional surfaces--commonly
overlain by a veneer of alluvium--at the base
of mountains) also provides clues about the
probable thickness of valley alluvium or weath-
ered bedrock. (In this report, the local term
"residuum" is used for bedrock that has been
weathered in place.) Brief lithologic descrip-
tions of surface material, and of near-surface
sediments and bedrock in streambanks and
roadcuts, can be helpful in evaluation of
general hydrologic characteristics of the basin-
fill material and in evaluation of the possible
ease of excavation. It should be kept in mind,
however, that surface material is not always
representative of subsurface lithologies.

Additional hydrologic field observations
were made during site visits. For example, any
evidence of shallow ground water, as indicated
by particular vegetation types or by swampy
areas, was noted. Phreatophytes, such as
cottonwood trees and some species of oak, tap
the water table with their roots and generally
indicate shallow depths to ground water.
Water-level measurements were made in wells
at or adjacent to sites and were used in combi-
nation with any existing records to determine
depth to water and to estimate direction of
ground-water movement. Surface-water fea-
tures also were observed in the field, in more
detail than was possible from topographic
maps alone. Included in these observations
are brief descriptions of any stream channels,
of the probable type of flow (such as ephemer-
al, in response to heavy rainfall), and of the
direction of surface drainage. Low-altitude

aerial photographs (used in conjunction with
topographic maps for preliminary selection of
sites) also can be a useful supplement during
subsequent site visits.

COMPILATION OF AVAILABLE GEOLOGIC AND
HYDROLOGIC DATA

Existing geologic and hydrologic data from
well schedules, from drillers’ reports, and from
published and unpublished studies provide
valuable information for the preliminary
assessment of potential landfill sites. Well
schedules, on file at offices of the U.S. Geo-
logical Survey or published in reports, com-
monly contain water-level measurements and
information on well construction and water
use. Some drillers’ reports also provide this
information, as well as lithologic information
and comments on well yields. One drawback
to heavy reliance on drillers’ logs as a source
of lithologic information is that the descriptive
terms are not standardized and can be difficult
to interpret. Despite this problem, drillers’
logs generally do show major lithologic chang-
es with depth.

Descriptions of bedrock geology at the
phase 1 sites were compiled from published
geologic maps and reports, including Strand
(1962), Rogers (1965), California Department
of Water Resources (1967), Moyle (1968), and
Moyle and Downing (1978). A literature
search provided additional information on the
proximity of sites to known faults and esti-
mates of the probable seismicity of the faults.
Other information obtained from reports
includes observations of the hydrologic charac-
teristics of various geologic units (Moyle, 1968;
Moyle and Downing, 1978) and annual precipi-
tation (Rantz, 1969).

VERTICAL ELECTRICAL-RESISTIVITY
SOUNDINGS
A surface geophysical method, vertical elec-

trical-resistivity soundings (VES), was used
during phase 1 reconnaissance of potential

Methods for Selection of Potential Landfill Sites 7



sites to help determine the approximate thick-
ness of alluvium or residuum. In some situa-
tions, the depth to ground water also could be
estimated from interpretation of the VES data.
Because many of the phase 1 sites had no
wells within their boundaries from which to
collect geohydrologic data, and because of the
large number of sites, the VES techniques
provided a quick and relatively effective meth-
od of gathering subsurface information without
drilling test holes. The electrical-resistivity
soundings can be less time consuming and less
expensive than drilling test holes, especially
when great depths and numerous sites are
involved during a reconnaissance phase. An
explanation of electrical-resistivity methods,
along with a discussion of the application of
many types of surface geophysical methods to
ground-water investigations, is provided by
Zohdy and others (1974).

The results of the VES surveys were used
in combination with available water-level and
lithologic information from nearby wells to
estimate the thickness of alluvium or residuum
and to estimate the volume of excavatable
unsaturated material at each site. The volume
was calculated by multiplying the acreage of
the site times a representative thickness of fill.
For this study, the representative thickness of
basin fill was assumed to be: (1) 5 feet less
than the minimum depth to water estimated
from the soundings, reported by well owners,
or measured in wells; or (2) the average depth
to bedrock (if less than the depth to water).

The primary alternative to VES or to drill-
ing for reconnaissance purposes is refraction
seismic methods. Applied seismology involves
analysis of the arrival times of artificially
generated seismic waves at varying distances
from the source. As with resistivity methods,
refraction seismic methods require specialized
equipment and the development of geologic

models to interpret the nonunique results. A
summary of refraction seismology field meth-
ods, interpretation, and application to hydrolo-
gy is given by Zohdy and others (1974, p.
67-84).

SUMMARY SHEETS

To aid in the selection of two phase 2 sites,
the information collected for each of the 13
phase 1 preliminary sites was summarized for
presentation to members of the county staff
involved in the selection process. An example
of a preliminary-site summary sheet is shown
in table 1. The format for the summary sheets
is modified from a report by the California
Department of Water Resources (1976). The
types of topographic, hydrologic, geologic, and
cultural data and observations included on the
summary sheet have been discussed earlier in
this report, with the exception of the listing of
potential geohydrologic problems and the
additional geohydrologic investigations needed
for each site. The common potential geohy-
drologlc problems or unknowns, some varia-
tions of which are applicable to many of the
sites, include: (1) Potential inundation or
washout of part of the site by floods; (2)
evidence of shallow depth to ground water; (3)
depth to water at the site is not easily deter-
mined from nearby wells or from vertical
electrical soundings; and (4) depth to bedrock
either is not well defined or is highly variable
at the site. In addition, the critical geohydro-
logic elements are listed. Critical elements
include items such as proximity of residential
wells downgradient of surface-water or ground-
water flow from the site; shallow water table;
small thickness or volume of excavatable fill;
presence of a fault, an area of shallow bed-
rock, or other geologic feature that may affect
ground-water flow; and locations of ground-
water discharge.

8 Methods for Selection and Hydrologic Description of Potential Landfill Sites



Table 1.--Example of preliminary-site summary sheet

Preliminary-Site Summary

Sitec number and name: Site 18, Earthquake Valley

Location: Mostly in unsurveyed land grant, parts of sections 28, 29, 32, 33, T.12S./R.5E. (Earthquake Valley quadrangle).
Surface area: Approximately 720 acres.

Mean annual precipitation: 11 inches (Rantz, 1969)

Land-surface altitude and slope: Altitude ranges from about 2,250 to 2,600 feet above sea level.

Bedrock:
Lithology--Granite, schist, and gneiss (Moyle, 1968)
Hydraulic character--Yields small quantities of water to wells from fractures and weathered zones (Moyle, 1968).

Fill Material:

Lithology--Alluvial fan. Unconsolidated to moderately consolidated sand, gravel, and boulders (Moyle, 1968).
Boulders up to 2 to 3 feet in diameter,

Hydraulic character--Yields range from 3 to 80 gallons per minute. (Values are from nine driller’s logs within 1 mile
of site.)

Estimated depth and volume--Driller’s logs do not report bedrock within the maximum well depth of 253 feet. The
logs are from wells located 1.0 to 1.5 miles east of the site. The upper part of the fan may be an alluvial cover
of unknown thickness over pedimented bedrock. VES 18-01 shows low-resistivity material, probably clay rich or
saturated, from about 12 to 40 feet below land surface. There is a possible alternative indication of the water
table at a depth of 90 feet. VES 18-02 indicates alluvium, with a possible coarse-grained zone from about 15 to
40 feet below land surface.

The estimated volume of unsaturated fill = 720 acres x 30(?) ft = 3.485x10’ (?) cubic yards.

Proximity to known faults: The Earthquake Valley fault (seismicity unknown) is 0.5 mile north of site. The Elsinore fault
(potentially active) is 4 miles southwest of site (Moyle, 1968).

Surface drainage: Drained by ephemeral streams that are tributaries to San Felipe Creek, which is perennial downstream
from site. The site is on an alluvial fan.

Ground water:
Depth to water table--Probably 20 to 100 feet below land surface. Water-table depth decreases north-northwest toward
San Felipe Creek.
Movement--Probably north-northeast toward San Felipe Creek, 0.1 mile north of the northern edge of the site. Water
levels in wells east of the site indicate possible flow toward the northeast.
Chemical quality--General analysis by Burnham (1954) on well 34J1, approximately 1 mile east of site.

Existing water use: Several domestic wells in sec. 34, T. 12 S, R. 5 E., 1.0 to 1.5 miles east of site.

Potential Geohydrologic Defects Further Investigation Needed
(See introduction)
Depth to water not easily determined from nearby Drilling or augering of holes needed to determine
wells or vertical electrical-resistivity soundings. depth of water table.

Critical elements at this site might be: (1) the possibility that a pediment, as suggested by the presence of bedrock
outcrops immediately west and southwest of the site, may underlie the upper part of the fan; (2) boulders greater than
2 feet in diameter may be present in the alluvium; (3) the seismicity of the Earthquake Valley fault, 0.5 mile north of the
site, is unknown; (4) there is possible ground-water discharge to the creek and marshy area 0.1 to 0.5 mile north of the
site.

Additional comments: Much of the site is visible from the adjoining highways. The site contains channels of ephemeral
streams. The two vertical electrical soundings are more difficult to interpret than most others.

Methods for Selection of Potential Landfill Sites 9



A topographic map (1:24,000 scale) of each
site accompanied the summary sheet. The
maps (fig. 2) show the locations of approxi-
mate boundaries of sites, roads, cultural fea-
tures, wells with water-level information,
vertical electrical soundings, and major faults
or fractures. In addition, photographic slides
of each site were presented. The maps and
summary sheets were used as reference mate-
rials during a field trip to the phase 1 sites.
The trip provided an opportunity for county
staff members to view the sites firsthand while
discussing the geohydrologic features and
conditions of each area.

Phase 2--Detailed Description of Selected
Potential Sites

After reviewing the information presented
on the summary sheets and viewing the 13
phase 1 sites, staff members of the San Diego
County Department of Public Works, Solid
Waste Division, chose two potential sites for
more detailed study. The sites are in Vallecito
Valley (site 23) and on the Manzanita Indian
Reservation (site 26) (fig. 1).

The methods used in the detailed site de-
scriptions involved:

1. Compilation of new and existing infor-
mation on physical setting, geographic
features, land ownership, and climate.

2. Compilation and verification of geologic

maps, and description of geologic and
hydrologic features.

3. Dirilling of test holes, construction of test
wells, and collection of subsurface litho-
logic data.

4. Measurement and contouring of ground-
water levels.

5. Aquifer tests.

6. Ground-water sampling and chemical
analysis.

COMPILATION OF GEOGRAPHIC, OWNERSHIP, AND
CLIMATIC INFORMATION

The physical setting of the two phase 2 sites
was described and data concerning land own-
ership and climate were compiled using field
observations, public records, and published
reports and maps. Description of the physical
setting included location, physiographic prov-
ince, vegetation, generalized geomorphology,
and size of the site. Field observations were
used to describe geomorphology and vegeta-
tion, and maps were used to determine the
other aspects of the physical setting. Rainfall
and temperature data from published reports
were used to summarize seasonal climatic
trends.

Land ownership was determined from maps
and records kept by the County Assessor’s
office. Ownership information was used in
obtaining permission for access to sites and in
drilling of test holes and observation wells. In
addition, the information was used to map the
distribution of private and public lands near
the sites.

COMPILATION OF GEOLOGIC AND
HYDROLOGIC DATA

The methods used for general geologic and
hydrologic description of phase 2 sites include
compilation of a geologic map, field observa-
tions, analysis of published reports, and use of
aerial photographs. The maps were compiled
from existing maps and then verified and
modified after making limited field observa-
tions and examining aerial photographs. For a
reconnaissance study of an area covered by
existing maps, remapping of the geology gener-
ally is not necessary or practical. Surface-water
features were described using topographic
maps, field observations, geomorphic analysis,
and published data.

10 Methods for Selection and Hydrologic Description of Potential Landfill Sites
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Geologic description of a potential landfill
site is important with regard to the criteria of
ease of excavation and thickness of sediments,
and with regard to hydrologic characteristics
typical of certain depositional or geomorphic
settings and determined in part by particle size
and sorting in unconsolidated sediments or by
the nature of the fractures in crystalline rock.
Particle size and sorting are described in the
following section on test-well drilling. The
areal distribution of geologic units and their
generalized hydrologic characteristics are
discussed in this section. In addition, the
possibility of disruption of a site due to seismic
activity or landslides is addressed, in part,
through description of the geology, as are the
estimated hydrologic characteristics of the
faults and the landslide deposits.

Observation of landforms is used in a
reconnaissance study as an aid to estimating
aquifer dimensions and composition. Although
the various alluvial landforms--such as alluvial
fans, the gently sloping alluvial outwash-transi-
tion zone, and the valley floor--all are com-
posed of a mixture of sand, silt, gravel, and
clay, the proportions of these components and
the degree of sorting vary. Alluvial fans com-
monly contain a higher percentage of gravel,
cobbles, and boulders and are more poorly
sorted than are deposits on the valley floor.
Hydraulic conductivities generally are less in
the alluvial fans than in the better sorted
sandy sediments in the basin fill. In addition,
the fan deposits generally are above the water
table. In crystalline rocks, fracture characteris-
tics and degree of weathering influence hy-
draulic conductivities and directions of ground-
water movement.

TEST-WELL DRILLING

Test drilling was done to obtain subsurface
lithologic samples and to construct shallow
observation wells. The observation wells were
used to measure water levels, conduct aquifer
tests, and sample water for chemical analyses.
These methods are discussed in subsequent
sections of this report.

Knowledge of the lithology of the basin
sediments is important when investigating a

potential landfill site. Particle size and sorting
in the unsaturated zone help determine the
ability of water to percolate down to the water
table. Lithologic sampling also provides
general constraints on estimates of hydraulic
properties for the material below the water
table.

An 8-inch-diameter hollow-stem auger
(4-inch inside diameter) was used to drill five
test holes and three to five observation wells
at or near each site. This method was chosen
because of simplicity, ability to place casing
while the auger flights keep the hole from"
collapsing, and avoidance of introducing drill-
ing mud or other fluids that might disturb the

_background quality of water that is sampled

later.

During drilling, a 24-inch-long split-spoon
sampler was used to obtain lithologic samples
at intervals ranging from continuous to every
40 feet, most commonly every 10 feet. The
sample interval was determined, in part, by
monitoring the auger cuttings for changes in
particle size or color. In addition, sampling
was most frequent in the first holes drilled
because frequency of lithologic change had not
yet been determined. The best recovery of
lithologic samples was obtained by hammering
the sampler rather than by pushing it.

A description of each distinctive zone in
each core was made immediately after bring-
ing the core to the surface. The descriptions,
which include the range of particle size, degree
of sorting, estimates of relative percentage of
each particle-size category, wet color, and
texture observations, are on file at the U.S.
Geological Survey offices in San Diego.

Selected samples, representing different
locations within the site and different depths at
a single location, were wet-sieved in the labo-
ratory to more quantitatively determine parti-
cle-size distributions and to help calibrate the
field lithologic descriptions. Some of the
samples were chosen because they seemed to
be representative of a common composition;
others were chosen because they were from
the saturated zone. In addition, two
fine-grained samples were chosen to undergo
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both sieving and detailed pipette analysis of
the silt and clay fraction. The results of siev-
ing are presented in graphs and in tabular
form. The graphs provide a visual format for
comparing particle-size distributions of several
samples and for comparing degree of sorting.

MEASUREMENT OF GROUND-WATER LEVELS

The measurement and contouring of
ground-water levels was used to help describe
the directions of ground-water movement and
to provide additional information about the
locations and mechanisms of recharge to, and
discharge from, the aquifer.

During the study, water-level measurements
were made at existing wells in the area of the
two phase 2 sites and at the observation wells
constructed during the study. A steel tape was
used to make the measurements. In addition,
historical water levels were compiled from
published reports. Where possible, especially
in areas with a relatively flat water table,
altitude of land surface at wells was surveyed
to allow more accurate determination of
water-table gradients and direction of ground-
water movement.

AQUIFER TESTS

Aquifer tests were conducted to estimate
the hydraulic conductivity (permeability) of the
upper part of the aquifer. Two types of one-
well tests (recovery test and displacement test)
were used because of the absence of observa-
tion wells. In-place vertical permeability of
"soils" (materials in the unsaturated zone) was
not tested.

For the recovery tests, time-drawdown mea-
surements were made both while pumping the
well, using a low-capacity submersible pump,
and during the recovery period after pumping
had stopped. Residual drawdown was plotted
against the ratio of ¢/, where ¢ equals time
since the pumping test started and £ equals
time since the pumping stopped. An example
graph and analysis is shown in figure 3A4.

Transmissivity was calculated using the method
shown by Jacob (1963). Hydraulic conductivity
is calculated by dividing the transmissivity by
the saturated thickness of the zone being
tested, which is assumed to be the zone oppo-
site the well screen. The values obtained from
the test are approximate because several
assumptions that were made when using the
method, such as full penetration of the aquifer,
were not met. Assumptions made in using the
method include: a confined, homogeneous,
isotropic aquifer of infinite areal extent; con-
stant discharge from a fully penetrating well of
infinitesimal radius; and analysis based on late-
time data.

A displacement test also is a type of recov-
ery test, but recovery takes place when water
flows in or out of the well screen after insert-
ing or removing an object of known volume in
the well. Insertion is equivalent to adding a
volume ("slug") of water, and removal is equiv-
alent to pumping or bailing a volume of water.
The time-drawdown data are analyzed, solving
for hydraulic conductivity, using a method
presented by Hvorslev (1951) and summarized
by Freeze and Cherry (1979, p. 339-341). An
example graph and analysis is shown in figure
3B. Again, the results are approximate; the
small volumes of water displaced (0.3 gal) may
have stressed mainly the material that filled in
around the well screen rather than the undis-
turbed aquifer material. In both the displace-
ment and recovery tests, a pressure transducer
was used to measure the small changes in
water level over short time intervals.

GROUND-WATER SAMPLING AND CHEMICAL ANALYSIS

Chemical analyses of ground water are
valuable not only in defining existing water
quality, but also as an aid to understanding the
source of recharge and the movement of
ground water. For the area of the Vallecito
site, water samples were collected from 15
wells for field measurements of specific con-
ductance, temperature, alkalinity, and pH and
for laboratory chemical analyses of the major

Methods for Selection of Potential Landfill Sites 13



AN

CALCULATED RECOVERY (s-¢’), IN FEET

0 T T T T TTI  T T TTTI
o
°
20 A
40
As’ = 65 feet
60
20
o
8¢
100 °5
o
120 [ NN L1t | W
0.1 1 10 100
TIME AFTER PUMPING STOPPED (),
IN MINUTES
EXPLANATION

Q

ave

_ 264 (13.6 gal/min)

I

s is drawdown

= 13.6 gallons per minute,

s’ is residual drawdown
Q is discharge, in gallons per minute

average discharge

264 Q
As’

K

il

65 ft
5.5 (gal/d)/ft

T is transmissivity

T/b
2x10° ft/d

K is hydraulic conductivity
thickness, b, = 436 ft

Bl.O»

037F .
Q
T
T 01
< C 7
g - _
] 4—To
0.01 QX046 d =t
0 0.05 0.10 0.15 0.20
0.0090 TIME, IN HOURS
¢ _ 2 1n(L/R)
B 2LT,

(1/12 ££)2 In(8ft /1 q,q)

2(8 ft) (0.0090 h)

5.3 ft/d

e

—t

={—— t ==(and t<0)

&———t+d!

Recovery

From Freeze and Cherry
(1979, fig. 8.20)

Figure 3. Example aquifer-test analysis. A, Recovery test. B, Displacement test.

14 Mecthods for Selection and Hydrologic Description of Potential Landfill Sites



cations and anions (analyses done by Dan
Martin, San Diego State University). In addi-
tion, water was sampled from two wells for
detailed chemical analyses for major cations
and anions, trace metals, boron, volatiles,
nutrients, and turbidity. This second set of
analyses was done by the U.S. Geological
Survey Central Laboratory at Arvada, Colora-
do. The methods of analysis used are given by
Feltz and others (1985). For the area of the
Manzanita site, water samples were collected
from three wells for detailed chemical analysis.
In addition, analyses were available for 10
other wells.

HYDROLOGY OF POTENTIAL LANDFILL
SITES

Vallecito Valley Site
PHYSICAL SETTING

Vallecito Valley is at the southwestern edge
of Anza-Borrego Desert State Park in south-
eastern San Diego County, approximately 45
direct miles east-northeast of San Diego.
Distance by road is approximately 90 miles.
The valley is in the eastern part of the Penin-
sular Ranges batholith at the southwestern
corner of the Basin and Range physiographic
province.

Vallecito Valley (fig. 4) is bounded on the
south by the Laguna Mountains; on the west
by the Sawtooth Range, including the spur that
contains Campbell Grade; on the north by the
Vallecito Mountains; and on the east by the
Sawtooth Mountains. Land-surface altitude in
the area ranges from 1,500 feet above sea
level at the downstream end of Vallecito
Valley to 6,000 feet at Mt. Laguna (about 6
miles to the south). The central part of the
alluvial valley slopes toward the northeast at a
gradient of about 1.5 percent. The gradient is
less to the northeast in sections 9 and 10, and
substantially greater (about 8 percent) on the
southwest side where a large alluvial fan
borders the basin. The valley floor is incised
by several shallow ephemeral-stream channels
and has a slightly hummocky appearance. An

isolated hill, Troutman Mountain, separates
the western part of the valley, which contains
Campbell Ranch, from the main part. South-
east of the valley proper, a large alluvial wash
called The Potrero drains part of the north
slope of the Laguna Mountains and is separat-
ed from the main part of the valley by a ridge
in sections 16 and 21. The western part of a
paved road, the Old Overland Stage Route
(County Highway S2), runs along a low east-
west trending divide that has a greater altitude
than Vallecito Creek to the north and the
central part of the valley to the south.

Most of Vallecito Valley is under private
ownership, but it is bounded by the Anza-
Borrego Desert State Park on the north and
largely by public-domain land managed by the
U.S. Bureau of Land Management on the east,
west, and south sides (fig. 4). About 15 houses
are in the northern half of section 8. Some of
the houses are occupied year round, and
others are occupied sporadically, such as on
weekends.

The landfill study site, and surrounding
area, is shown in figure 4. The site contains
about 564 acres and is somewhat larger than
the size (100 to 400 acres) specified in the
design requirements. The boundaries of the
site are partly constrained by lands on the
south designated as limited-use lands by the
Bureau of Land Management, by the proximity
of houses in the northern half of section 8, and
by the southern branch of the Elsinore fault in
sections 9 and 16. The fault is discussed in the
next section ("Geologic Features and Litholo-
gy") of this report.

The climate in Vallecito Valley is warm
and arid. The mean annual temperature in
Vallecito Valley is 68 °F (Hely and Peck,
1964, pl. 4), and temperatures often exceed
100 °F in the summer. Rainfall amounts are
highly variable both areally and seasonally.
Neither of the phase 2 sites has rain-gage
stations on site. Therefore, records from the
nearest stations must be used, and differences
in altitude and geographic location must be
considered. Rainfall data are available from
two stations near the Vallecito Valley site.

Hydrology of Potential Landfill Sites 15
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Figure 4. Topography, cultural features, well locations, and land ownership, Vallecito site and

vicinity.
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Average annual rainfall for 1967-85 at Agua
Caliente County Park, 5 miles east in the
Carrizo Valley, is 6.66 inches (San Diego
County Flood Control District, 1967-81; San
Diego County Flood Control District, oral
commun., 1986). For this period, the highest
average monthly rainfalls are 0.86 inch in
January, 1.01 inches in February, and 0.89 inch
in August. The lowest average monthly rain-
falls are in April-June. June has the lowest
average of 0.02 inch. The relatively high aver-
age for August is due to late-summer thunder-
storms and tropical storms. The Mount
Laguna station, 6 miles south of the poten-
tial landfill site at an altitude of 6,000 feet
(more than 4,000 feet higher than Vallecito
and Carrizo Valleys), received an average of
22.86 in/yr for the period 1968-85. The sea-
sonal distribution is similar to that of the Agua
Caliente station except that summer thunder-
storms make a smaller relative contribution.
The range of average monthly rainfall for
April through October at the Mount Laguna
station is 0.09 inch (June) to 1.37 inches (Au-
gust). November through March is substan-
tially wetter, with the highest monthly average
rainfall in February (4.36 inches).

The vegetation in Vallecito Valley consists
primarily of creosotebush. Other desert plants,
such as ocotillo and cholla, are common.

GEOLOGIC FEATURES AND LITHOLOGY

The geologic map for the Vallecito site and
vicinity (fig. 5) was compiled from maps by
Todd (1977 and 1978) and Pinault (1984).
The compiled map relies mainly on Pinault’s
map except for the southern and eastern parts.
Mapping of the southern branch of the
Elsinore fault was modified slightly after
viewing 1:2,400 scale color stereo-pair aerial
photographs.

The rocks of the Vallecito Valley area can
be divided into two main types--crystalline
rocks of Mesozoic age and unconsolidated to
moderately consolidated sediments of Cenozo-
ic (Quaternary) age. The Mesozoic rocks form
the hills and mountainous areas and underlie

the basin fill, and the Quaternary deposits
form the alluvial fans and the basin fill (fig. 5).

The bedrock generally is impermeable, but
weathered zones and fractures yield small
quantities of water to wells (Moyle, 1968, p. 6).
Quaternary-age alluvial deposits form the
alluvial fans, the valley floors, and the transi-
tion zones between the alluvial fans and the
valley floors in the Vallecito Valley area.
Where saturated, these deposits form the
principal aquifer in the area.

The landslides mapped by Pinault (1984)
along the south side of the Vallecito Moun-
tains are of Quaternary age, but they are
composed of boulders and large blocks of
Mesozoic bedrock and probably are underlain
by bedrock. Therefore, the hydrologic proper-
ties of the landslide deposits likely are more
similar to those of fractured bedrock than to
those of alluvial fans.

The surface of Vallecito Valley is mapped
as Quaternary alluvial outwash and as dissect-
ed alluvial fan, alluvial outwash, and pediment
fan (fig. S). The sediments filling the valley
were derived from the surrounding mountains
and were transported and deposited mainly at
the distal ends of the alluvial fans. The thick-
ness of the basin deposits is not known, but it
is estimated to be between 300 and 2,000 feet.
A vertical electrical sounding (VES 23-01, fig.
4) indicates a thickness of more than 330 feet.
Deeper soundings show the alluvium/bedrock
contact west of the southern branch of the
Elsinore fault at a depth of about 600 to 700
feet, and at a maximum depth of 1,100 feet in
the southeast corner of section 9 east of the
fault (D.C. Martin, San Diego State University,
oral commun., 1986). The maximum thickness
of the alluvium is not likely to be greater than
about 2,000 feet because the valley is not
bounded by faults that show evidence of large
dip-slip displacement. In addition, the out-
crops of bedrock within the basin, such as
Troutman Mountain and the hills in sections
16 and 17 (fig. S), suggest that there may be
only a thin veneer of alluvium or weathered
bedrock, perhaps covering buried bedrock
pediments, in the areas immediately adjacent
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to the outcrops. Further geophysical studies,
such as resistivity or seismic refraction sound-
ings, or deep drill holes would be needed to
determine the thickness of alluvial sediments.

The volume of unsaturated basin fill avail-
able for excavation within the site boundaries
is estimated to be 4.55x107 yd®. This value is
based on an area of 564 acres times an unsatu-
rated thickness (a minimum of 5 feet above
the water table) of 50 feet. Fifty feet may be
deeper than is practical for excavation.

Existing geologic reports, limited field
observations, and consultations with research-
ers were used to investigate the possible ef-
fects of potentially active faults at the phase 2
sites. In this study, a fault was considered
potentially active if there was evidence of
movement within approximately the last 10,000
years. Faults are important to landfill-siting
considerations for two reasons: (1) Movement
along an active fault could cause downward
leakage of leachate at a landfill by disrupting
the natural or artificial liner; and (2) fault
zones can affect ground-water movement, by
functioning either as a barrier or as a conduit.

The Quaternary unconsolidated deposits, as
well as older rocks in the Vallecito Valley
area, are cut by the Elsinore fault, a member
of the San Andreas fault system. The fault
extends approximately 125 miles from the
northeast end of the Santa Ana Mountains
southeastward to near Ocotillo, close to the
United States-Mexico border (Allison, 1974).
The most recent and most thorough study of
the Elsinore fault in the Vallecito Valley area
has been done by Pinault (1984). He mapped
the fault in the Vallecito Creek drainage con-
necting Mason and Vallecito Valleys and east
along the base of the Vallecito Mountains to
the location where the fault trace disappears
beneath landslide deposits in section 5 (fig. 5).
Several lineaments primarily expressed by
vegetation, trending N. 30° W. to N. 50° W,,
mark the southern branch of the fault. The
main lineament, which is associated with a
discontinuous northeast-facing scarp, extends
from near Highway S2 southeast across the
floor of the valley and up the ridge of the

Sawtooth Mountains. The southern branch is
the main branch of the Elsinore fault in the
Vallecito Valley area, and it probably extends
northwest from Highway S2 to join the north-
ern branch near the east end of the canyon be-
tween Mason and Vallecito Valleys (T.M.
Rockwell, Professor of Geology, San Diego
State University, oral commun., 1986). The
visible part of the southern branch may be
part of a fault zone as much as one-half-mile
wide (T.M. Rockwell, oral commun., 1986),
and thus the zone may encroach on the north-
eastern part of the site.

The Elsinore fault is considered active, but
in comparison with other faults of the San
Andreas system it has been relatively quiet
during historical times (Allen and others,
1965). The largest earthquake along the fault
occurred southwest of Elsinore (75 miles north
of Vallecito Valley) in 1910 and had a magni-
tude of 6.0 (Pinault, 1984, p. 1). In the
Vallecito Valley area, the largest historical
earthquake had a magnitude of 4.8. It hap-
pened September 13, 1973, and was centered
near Agua Caliente Springs, about 5 miles east
of the study site. The Agua Caliente Springs
area is the most active part of the Elsinore
fault as determined by the frequency of small
seismic events (Allison, 1974, p. 23).

The type of potential movement of a fault
near a landfill site may have an effect on the
engineering design of the facility. The princi-
pal type of displacement along the Elsinore
fault is right-lateral strike slip. Pinault (1984,
p- 97-107) presented evidence for 1 to S miles
of right-lateral displacement in the Vallecito
Valley area. Strike-slip displacement can be
seen in fans, streams, and landslide deposits
that have been offset. In addition, evidence
suggests that the ridge west and north of
Campbell Ranch (fig. 5) has been dragged and
rotated in a manner consistent with right-
lateral strike-slip movement. Some zones
along the Elsinore fault show evidence of
normal displacement, but uplift takes place on
alternate sides instead of consistently on one
side, and the main component of displacement
is strike slip. The apparent displacement on
the most prominent part of the fault scarp
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EXPLANATION
ALLUVIAL UNITS (Quaternary)

Alluvial outwash and alluvial fan

Landslide and (or) debris flow primarily
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Old dissected alluvial fan, old alluvial outwash,
and old pediment fan
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downthrown side

——i—LANDSLIDE SCARP AND RELATED FAULT-
Approximately located except where indicated
by a solid line

—?~GEOLOGIC CONTACT-Dashed where
approximately located, queried where probable
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near well 14S/6E-16C1 is downward on the
northeast side. At this location the scarp is
about 10 feet in height. Pinault (1984, p. 63),
however, stated that because the scarp is
discontinuous, "***the relief may be due to the
formation of pressure ridges rather than one
side being consistently up." Pinault dug a 10-
foot-deep trench part way down the face of
one of the apparent scarps and did not find
evidence of ground rupture.

The field descriptions of drive samples col-
lected during drilling of test holes compare
well with the results (table 2) from the corre-
sponding sieved samples. The estimated
amount of fines was within a few percentage
points in nearly one-half of the samples, and
the remainder were evenly divided between
overestimates and underestimates that differed
from the sieved value by an average of 7
percentage points. The estimated percentages
and size categories of gravel agreed closely
with the sieving results. For example, in test
hole L-1, at the 27- to 29-foot depth interval,
the field estimate was 15 percent 3- to 8-mm-
diameter gravel, and sieving showed 18 per-
cent. For the sand fraction, field descriptions
of both the range of particle size and of the
most common categories generally were close.
Occasionally, the predominant sizes were
estimated to be in a narrower range than
indicated by the sieving. For example, in the
14- to 16-foot depth interval in test hole L-1,
the sand was described as ranging from very
fine to very coarse, with fine to medium pre-
dominant; the predominant categories actually
were fine, medium, and coarse sand, at 20, 22,
and 17 percent, respectively (table 2).

The results of the sampling and sieving
(figs. 6-8) show that the predominant texture
at the site, both above and below the water
table, is sandy. However, the sediments are not
exclusively sand, and there are some variations
in texture both areally and with depth. The
primary minerals composing the silt to fine-
gravel particles are quartz, feldspar, and mica.
Individual lenses or layers seen in the core
samples averaged S to 6 inches in thickness.
The sediments seem to have been deposited in

thin lens-shaped bodies; no laterally extensive
fine-grained zones were found.

The results of the test drilling indicate that,
in general, the coarsest material--mixed in with
a variety of moderately to poorly sorted finer
grained material--was found at the southern
edge of the site, which is the side nearest the
alluvial fan and the Sawtooth Range (fig. 4).
In particular, more cobbles and very coarse
gravel were found in test holes L-1, T-3, and
L-6 than in the other holes. The very coarse
gravel and the cobbles are too large to fit into
the sampler, but they were evident in the
cuttings and were the cause of drilling difficul-
ties. Test hole L-6 was stopped at 18 feet after
the auger hit a boulder.

Farther east, augering for observation well
14S/6E-17TH1 encountered relatively coarse
material, composed of sand and gravelly sand,
in the upper 30 feet. From 40 to 80 feet, the
samples contained thin alternating silty sands
and sands, with minor very fine to fine gravel.
The clayey and silty sand found at 60 feet had
an estimated 15- to 40-percent clay and silt
component, although the sand and silty sand
from a depth of 80 to 81.5 feet had a 9-percent
clay and silt component more typical of the
area (table 2 and fig. 6). Figure 6 shows that
the particle-size distribution for the sample
from a depth of 80 to 81.5 feet is similar to
that for the samples from 14 to 16 feet and 27
to 29 feet in test hole L-1.

The materials from test holes and observa-
tion wells in the northern and northeastern
parts of the site are finer grained, although
still primarily sandy. In addition to the greater
abundance of clayey sands and silty sands and
the general scarcity of particles larger than
fine gravel (4 mm), the sands in the northern
and northeastern parts are very fine to medi-
um as opposed to the primarily medium to
coarse sands observed at the southern part of
the site. The finest grained sediments are from
drill holes for observation wells 14S/6E-16C1
and 14S/6E-8Q1 (table 2 and figs. 7 and 8). At
observation well 14S/6E-17A1, also in the
northern part of the site, the predominant
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EXPLANATION FOR FIGURES 6,

7, AND 8

Well or test-hole Depth of sample, in feet v = very fine
number  below land surface _
f = fine
—— 14S/6E-8P1 80.2-81.2 m = medium
¢ = coarse
vC = very coarse
Phi = -log, of diameter (in millimeters)

GRAVEL SAND SILT AND CLAY

m f v (v ¢ m f
[ﬁ‘iloo -‘?V; | j\ (il' | % | l 4 ! f ? |

ST
= T 14S/6E-8P1  80.2-81.2
Z 80 — L1 14.0-16.0
o ———1L1 27.0-29.0
Z | | N W\ T/ L-1 36.7-38.5
= 60— ——— 14S/6E-17TH1 80.0-81.5 —
“ \
=
&
E 40 — —
3
-
Z 20 —
Q \\\\
SN
o L | | |
10 1 0.1 0.01 0.001

PARTICLE SIZE, IN MILLIMETERS

Figure 6. Particle-size distribution curves for selected drive samples (wells 14S/6E-8P1 and

14S/6E-17H1, and test hole L-1), Vallecito site.

lithologies are silty sand and clayey sand. The
estimated percentage of fines is as high as 40
percent for zones at 30 and 50 feet, although
15 percent or less (estimated) is more typical.
The sands are mostly very fine to fine. Some
of the samples contained minor amounts of
very fine to medium gravel.

The particle-size distribution graphs (figs. 6-
8) show differences with depth, in addition to
areal differences. Test hole L-1 contained
mainly silty sand in the top 30 feet, and mainly

sand with some gravely sand and silty sand
below 30 feet. These differences can be seen
both in the sample descriptions and in the
sieving results (fig. 6). The slope of the cumu-
lative-percent curves for the samples above 30
feet is steepest in the sand range (fig. 6), and
the curves show a less than 10-percent contri-
bution from the gravel fraction; whereas, the
curve for the sample from a depth of 36.6 to
38.5 feet shows a more even distribution
throughout the sand and gravel fractions
(higher percentages of gravel at the expense of
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Figure 7. Particle-size distribution curves for selected drive samples (wells 14S/6E-16C1 and

14S/6E-17A1), Vallecito site.
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Figure 8. Particle-size distribution curves for selected drive samples (well 14S/6E-8Q1), Vallecito

site.

Hydrology of Potential Landfill Sites 25



the sand percentages). In addition, the shal-
lowest sample from test hole L-1 has a per-
centage of silt and clay (14 percent) twice as
high as the percentages (7 and 6) for the other
two samples from this hole (table 2). Gravel
(generally less than 10 percent) and occasional
small cobbles were found throughout.

SURFACE WATER

The surface-water system in the area of the
Vallecito Valley site consists of ephemeral
streams that originate primarily in the
steep canyons south of the site and drain to-
ward the lowest part of the valley (fig. 9). The
largest stream channel on the valley floor is
that of Vallecito Creek, an ephemeral stream
that crosses the northern part of Vallecito
Valley after entering from Mason Valley on
the west. The channel of Vallecito Creek is
discontinuous; it ends near a low dike along
the line between sections 9 and 10, and it
begins again near the Vallecito Stage Station
County Park where the stream exits the valley
(figs. 5 and 9). The area mapped (in the
figures) as swamp currently (1986) is dry and
the western part contains a former agricultural
field. The area may become swampy during
years of unusually heavy rainfall.

The stream channels most directly affecting
the site are those that emanate from the
mountains to the south and then cross the
alluvial fan and the study site. The entire area
downstream from the line between sections 18
and 19, and between the first mapped channel
east of Troutman Mountain and the channel
running diagonally northeast through the
center of section 17, seems to be slightly lower
topographically than surrounding areas and
contains a number of small, braided channels.
This area produces some local runoff in re-
sponse to heavy rainfall and, in addition, might
experience sheet flow or flooding from high
flows exiting the better defined channels that
drain the steeper part of the alluvial fan. Much
of the local runoff collects in puddles in shal-
low depressions and occasionally flows in
poorly defined channels or along the graded

dirt roads. The most active channel during
1985-86 was the channel that drains Storm
Canyon and the eastern half of the fan and
that runs diagonally through the center of
section 17 (fig. 9). Inspection of this channel
near well 14S/6E-17H1 indicated that the
flows during the study period were as much as
20 feet wide and 4 to 6 inches deep. Although
none of the channels crossing the study site
join Vallecito Creek, this channel does extend
the farthest northeast (to the center of section
10) before dissipating.

About one-half of the surface-drainage-basin
area, which totals 22.7 mi?, is steep and with-
out appreciable soil cover. Therefore, the
potential exists for the generation of large
"flash" flows during intense rainfall over the
upper part of the drainage basin. Field obser-
vations and inspection of aerial photographs
do not indicate that any large flows (for exam-
ple, flows that incised deep channels, covered
areas outside channel banks, removed vegeta-
tion, or transported boulders) have taken place
on the site in the past few years. Because
many of the channels branch outward and
become smaller and more discontinuous in the
downstream direction, much of the flow from
small events appears to be lost to infiltration
and evaporation prior to moving out apprecia-
bly on the gentle alluvial slope of the site.

GROUND WATER

The measurement and contouring of ground-
water levels is used to help describe the direc-
tion of ground-water movement and to provide
additional information about the locations and
mechanisms of recharge to, and discharge
from, the aquifer. The principal aquifer in the
Vallecito Valley area is basin fill composed of
sand, silt, clay, and gravel. The boundaries of
the aquifer are formed by crystalline plutonic
and metamorphic rocks, which commonly have
low permeabilities in comparison with basin
fill (Peter Martin, U.S. Geological Survey, oral
commun., 1989). The basin-fill sediments
generally are coarser grained and more poorly
sorted toward the southwest part of the valley
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(toward the heads of alluvial fans). Finer
grained sand and silty sand are predominant to
the northeast (toward the distal ends of the
fans and the downstream end of the valley).

Recharge, Ground-Water Movement, and
Discharge

Ground-water levels at the eastern end of
Mason Valley, which is 400 feet higher than
Vallecito Valley, are approximately the same
as the altitude of the spring (14S/5E-12FS1)
on the side of the ridge west of Campbell
Ranch (figs. 4 and 10). This fact, along with a
similarity in water temperature, indicates that
flow from the spring may be sustained by
movement of ground water from Mason Valley
through fractures in the crystalline rock of the
ridge. Subsurface recharge to the alluvial
aquifer from fractures in the crystalline rock
underlying or adjacent to the alluvium, how-
ever, is assumed to occur at a much smaller
scale than that of mountain-runoff recharge.
Water may enter the fractures either from
percolation of rainfall on outcrop areas or
from alluvial aquifers (such as the alluvium in
Mason Valley) that overlie the crystalline rock.

Surface flow contributes to ground-water
recharge. Recharge originates primarily as
runoff from precipitation on the mountains
that bound the valley on the south and south-
west. The runoff infiltrates into the alluvial
fans and through the channel bottoms of
ephemeral streams that cross the gently slop-
ing valley floor. A part of the runoff is lost to
evaporation and transpiration. The evapora-
tion rate from standing water is about 72 in/yr
(Hely and Peck, 1964, pl. 6) for the Vallecito
Valley area. Some recharge may take place as
direct areal infiltration of rainfall, but most of
this water, probably more than 90 percent as
a conservative estimate, is lost to evaporation
and transpiration (Sammis and Gay, 1979).

Two other surface-water features that prob-
ably contribute to recharge of the valley’s
ground-water system are Vallecito Creek to
the north and the drainage basin and alluvial
fan of the area called The Potrero (fig. 5) to
the southeast. The Potrero is part of a sepa-
rate drainage basin, but ground water originat-
ing as recharge in The Potrero probably merg-
es with the main Vallecito ground-water
system in the northern half of section 16.
Vallecito Creek is fed by drainage from Mason
Valley and by tributaries from the Vallecito
Mountains. Flow in Vallecito Creek, which is
an ephemeral stream, is most frequent at the
outlet of Mason Valley at the head of the
gorge. Discharge at a stream gage (station
10255850, fi§. 4) at that location averages
about 0.12 ft*/s and totals about 87 acre-ft/yr.
Most of the discharge seems to infiltrate or
evaporate a short distance after the stream
enters Vallecito Valley.

The contoured water-level altitudes for
August 1986 (fig. 10) show that the general
direction of ground-water movement in the
alluvium in Vallecito Valley is from southwest
to northeast. Water-level data and well-con-
struction information are given in table 3. The
direction of movement is assumed to be per-
pendicular to the water-level contour lines.
Some of the wells and springs in the valley are
located downgradient from the Vallecito site.
Along Vallecito Creek, the ground-water-flow
direction apparently is from west to east. In
the area along Highway S2 in sections 7 and 8,
the direction of flow ranges from northeast to
southeast. The variable gradient and direction
of movement in this area may be caused by
the presence of an extension of the mapped
southern branch of the Elsinore fault zone. A
discontinuous extension has been mapped by
Clark (1982) on the north side of the highway.
The fault likely passes somewhere through this
area to join the northern branch near the
entrance of Vallecito Creek to the valley
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EXPLANATION

?=-FAULT-Main branches of the Elsinore fault.
Dashed where approximate, dotted where
concealed, queried where probable

—1530 —-WATER-LEVEL CONTOQUR-Shows altitude of
water level, August 1986. Dashed where
approximately located, queried where uncertain.
Contour interval is 2 feet. Datum is sea level

° DATA POINT FOR WATER-LEVEL
MEASUREMENT, Vallecito Valley

o WELL, Mason Valley

SPRING AND NUMBER
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Base from U.S. Geolbgical Survey Monument Peak,
1959, and Agua Caliente Springs; 1959, 1:24,000

Figure 10. Water-level altitude (contoured), Vallecito Valley area, August 1986.
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EXPLANATION s
N

?—--FAULT-Main branches of the Elsinore fault.
Dashed where approximate, dotted where T1as V|

concealed, queried where probable T4 A~
(1954) 1988 Y
WELL AND DATA, VALLECITO VALLEY- RSN
Water levels measured August 1986 N '
T | o195, R g O]
1 ss5—Water-level altitude, in feet. Datum is sea level AN ~~, 7 ":; g
L4 ; ! % ~i— 7 ‘ =~ ’j_. -
%\Depth to water, in feet below land surface : N Lﬁ( = i
(o;/"‘\'v 1
WELL AND DATA, MASON VALLEY-
Water-level altitude, in feet. Datum is sea level
o 1—*%—8-(1965)—Year of water-level measurement
Depth to water, in feet below land surface e Do )
L ‘ ST =y laambbo}]j
: : L : / Ranch
S ! — ~1
329
57
30"

1,
Base from U.S. Geological Survey Monument Peak,
1959, and Agua Caliente Springs; 1959, 1:24,000

Figure 11. Water-level altitude and depth to water, Vallecito Valley area, August 1986, and Mason
Valley, various dates.

38 Methods for Selection and Hydrologic Description of Potential Landfill Sites



°25' R5E [R6E

116°22'30"

1,587
69« g7
~..1,585!

Faults modlfled from Pmaull (1984)
T
2KILOMETERS
CONTOUR INTERVAL 40 FEET

National Geodetic Vertical Datum of 1829

Hydrology of Potential Landfill Sites 39



Table 4.--Estimates of hydraulic conductivity
for the perforated interval of test wells,
Vallecito Valley area

[Perforated interval in all wells is 8 feet in length.

Values are in feet per day. --, no data available]

Well Displacement test Recovery

No. Slug Bail Average test
14S/6E-8P1 155 14.9 152 53
14S /6E-8Q1 10.2 6.7 8.5 21
14S/6E-17TH1 - 127 - 43
14S/6E-17A1  -- 11.6 -- 19.1
14S/6E-16C1 53 4.1 4.7 1.2

At all well locations where both slug and
bail displacement tests were done, the hydrau-
lic conductivities determined from the slug dis-
placement tests are higher than those from the
bail displacement tests. In addition, the values
determined from displacement tests for a
particular well were higher than those from
the recovery tests. However, the difference
between values in all cases is less than one
order of magnitude, which is within the com-
mon range of variation for aquifer-test resulits.
Of the types of tests done, the recovery test
probably gave the most accurate results owing
to the greater hydraulic stress placed on the
aquifer by pumping; however, the results are
better suited for comparison of relative differ-
ences in hydraulic conductivity at various well
locations rather than for consideration as
precise values.

The estimated hydraulic conductivities can
be used in combination with the estimated
porosity and the measured hydraulic gradients
to estimate rates of horizontal ground-water
movement near the water table. The relation
used to calculate the average linear velocity
V) isv = 171{1, where K is the hydraulic conduc-
tivity, n is porosity, and [ is the hydraulic
gradient. Both the average hydraulic conduc-
tivity and the maximum hydraulic conductivity
are used to calculate a range of velocities for
some specific paths, as summarized in
table 5.

Table 5.--Estimated rates of horizontal ground-
water movement, Vallecito Valley area

[Kgye» average hydraulic conductivity, equals 6.4 feet per
day; K,,, ;,, maximum hydraulic conductivity, equals 19.1
feet per day]

Path travel

time, in
Approxi- Average years, at
mate linear average
Path distance, velocity, velocity
in feet in feet per calculated
day, using: using:
Kove Kmax Kove Kmax
From near well 2,550 0.04 0.13 175 54
14S/6E-8P1 to
near Highway S2
From near well 5,040 .28 84 49 16
14S/6E-17A1 to
near center of
section 9
From near well 11,780 18 53 179 61

14S/6E-17A1 to
near Stage Station
County Park

The average linear velocity is a large-scale
concept used to give a general approximation
of flow rates and does not represent the aver-
age velocity of water particles (small scale)
through the pore spaces (Freeze and Cherry,
1979, p. 70-71). Furthermore, the movement
of contaminants is dependent on their solubili-
ty, chemical absorption, and other interactions
with the aquifer matrix, and on dispersion.
Areally uniform aquifer properties also are
assumed in making the estimates; variations in
permeability within the aquifer and the possi-
ble barrier effects of the southern branch of
the Elsinore fault are not taken into account.

Water Quality

The quality of water in the Vallecito Valley
area generally meets U.S. Environmental
Protection Agency standards for drinking water
(tables 6 and 7). Exceptions are dissolved
sulfate and dissolved solids, which exceeded
the recommended limits of 250 mg/L (milli-
grams per liter) and 500 mg/L, respectively, in
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most wells, and chloride, which exceeded the
recommended limit of 250 mg/L in one well
(tables 6 and 7). The concentration limits of
these constituents are among those that have
been set primarily to provide acceptable esth-
etic and taste characteristics (Freeze and
Cherry, 1979).

Areal trends of ionic composition of ground
water in the Vallecito Valley area are shown
in figure 12. The water samples from wells
and springs in the southern area (sec. 23,
T. 14 S., R. 5 E,; secs. 17, 16, 9, and western
part of 10, T. 14 S., R. 6 E.) had dissolved-
solids concentrations and specific-conductance
values that ranged from 399 to 738 mg/L and
539 to 1,120 uS/cm (microsiemens per centi-
meter at 25 degrees Celsius), respectively.
These values were one-half to one-third the
values for wells and springs in the northern
area, which had dissolved-solids concentrations
and specific-conductance values that ranged
from 1,020 to 2,100 mg/L and 1,570 to 2,890
pS/cm, respectively. In most of the water
samples, calcium was the predominant dis-
solved cation and sulfate was the predominant
anion. The samples with low specific con-
ductance had higher concentrations of bicar-
bonate relative to chloride as well as lower
water temperatures than the water from other
wells and springs (table 6).

The differences in water quality between the
northern and southern areas probably are
caused by one or more of the following fac-
tors: (1) Different sources of recharge; (2)
upwelling of water in some sections of the
fault zone; (3) percolation of water and salts
from irrigated fields; and (4) contact of ground
water with sediments of different chemical
composition. Conversely, the observed quality-
of-water trends provide clues in determining
sources of recharge and travel paths of ground
water.

A possible explanation that involves the first
factor is that ground water in the northern
part of the valley may be recharged by under-

flow and surface flow from Mason Valley and
by runoff from the Vallecito Mountains,
whereas ground water in the southern part of
the valley probably is recharged largely by
storm runoff from the Laguna Mountains to
the south. The chemical characteristics of
water from the spring (14S/SE-12FS1) near
Campbell Ranch, and the fact that the rock
types in the Vallecito Mountains are not
significantly different from those in other parts
of the drainage basin may indicate that flow
from Mason Valley provides the major compo-
nent for recharge in the northern area. Thus,
the water-quality data lend support to the
conclusions drawn from water-level-altitude
and water-temperature data with regard to
ground-water flow from Mason Valley.

In reference to the second factor, the fault
zone could cause the observed water-quality
and water-temperature patterns if highly min-
eralized water were moving upward in the
projected fault zone in section 8. However, in
sections 9 and 16, where the fault zone is more
evident as a surface feature, there is no notice-
able increase in dissolved solids. Possibly,
water is not upwelling in sections 9 and 16
because aquifer materials in the fault zone are
more cemented and less permeable at those
locations. This explanation is supported by
ground-water-level data, which seem to indi-
cate that the fault is functioning as a partial
barrier to flow in sections 9 and 16.

Third, the quality of ground water may be
affected by the concentration of salts caused
by evaporation and recycling of irrigation
water. Fields used for growing hay or alfalfa
are in the northeastern part of section 12, the
northwestern part of section 7, and the north-
ern part of section 10. These areas are upgra-
dient from ground water with the highest
dissolved-solids concentrations. The lack of
irrigated fields immediately upgradient from
sections 17, 16, and 10 might help explain
(along with the different sources of recharge)
the less-mineralized water in these areas.

Hydrology of Potential Landfill Sites 41
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Table 7.--Detailed chemical analyses of water from selected wells, Vallecito Valley area

Property or conmstituent: Organic compounds are analyzed by purging and trapping; the value listed is the total
recoverable for each compound (Feltz and others, 1985).
Units: NTU, nephelometer turbidity units; pS/cm, microsiemens per centimeter; standard units, negative logarithm of

hydrogen concentration; mg/L, milligrams per liter; pg/L, micrograms per liter.
Value or concentration: <, concentration is less than the detection limit. The detection limit is the value that follows this

symbol.

EPA maximum level: U.S. Environmental Protection Agency maximum level for drinking water. MCL, maximum
contaminant level; SMCL, secondary maximum contaminant level; PMCL, proposed maximum contaminant level;

PRMCL, proposed recommended maximum contaminant level.

Number after abbreviation indicates source of

standard: 1, U.S. Environmental Protection Agency (1976); 2, U.S. Environmental Protection Agency (1979); 3, U.S.
Environmental Protection Agency (1985); 4, U.S. Environmental Protection Agency (1986).

Value or concentration

Property or . for well: EPA maximum
constituent Units 14S /6E- 14S/6E- level
8F2 16F1

Datecollected . ....... .. .ot 5/22/86 4/29/86
Specific conductance (field) pS/cm 1,880 581
Specific conductance (lab) uS/cm 2,050 672
pH (field) Standard units -- 7.8
pH (lab) Standard units 7.6 7.7
Water temperature Degrees Celsius 28 255
Turbidity NTU 1 2
Calcium, dissolved mg/L as Ca 200 50
Magnesium, dissolved mg/L as Mg 51 18
Sodium, dissolved mg/L as Na 180 55
Potassium, dissolved mg/L as K 9.3 53
Alkalinity (field) mg/L as CaCOj4 211 98
Alkalinity (lab) mg/L as CaCO, 218 107
Sulfate, dissolved mg/L as SO, 580 170 250 mg/1. SMCL 2
Chloride mg/L as Cl 230 4 250 mg/L SMCL 2
Fluoride, dissolved mg/L as F 0.8 04 116 mg/L. MCL 1
Silica, dissolved mg/L as Si0, 35 60
Solids, dissolved, sum of mg/L 1,400 460 500 pg/L SMCL 4

constituents
Nitrogen, NO,+NQO;, dissolved mg/L as N 14 0.4 10 mg/L 4
Nitrogen, ammonia, dissolved mg/L as N 0.1 0.4
Nitrogen, ammonia + organic, mg/L as N 02 0.5

dissolved
Phosphorus, dissolved mg/L as P 0.08 0.01
Phosphorus, orthophosphate, mg/L as P 0.01 <0.01

dissolved
Barium, dissolved pg/L as Ba 21 25 1,000 pg/L SMCL 4
Beryllium, dissolved ug/L as Be <05 <0.5
Boron, dissolved pg/L as B 200 40
Cadmium, dissolved pg/L as Cd <1 <1 10 pg/L. MCL 4
Cobalt, dissolved pg/L as Co <3 <3
Copper, dissolved pg/L as Cu <10 10 1,000 pg/L SMCL 2
Iron, dissolved pug/L as Fe 24 75 300 pg/L SMC 4

See footnote at end of table.
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Table 7.--Detailed chemical analyses of water from selected wells, Vallecito Valley area--Continued

Value or concentration

Property or . for well: EPA maximum
constituent Units 14S/6E-  14S/6E- level
8F2 16F1
Datecollected . ...... ..ottt 5/22/86 4/29/86
Lead, dissolved pg/L as Pb <10 <10 50 pg/L SMCL 4
Lithium, dissolved pg/L as Li il 30
Manganese, dissolved pg/L as Mn 3 33 50 pg/L SMCL 4
Molybdenum, dissolved pug/L as Mo <10 <10
Strontium, dissolved pg/L as Sr 920 290
Vanadium, dissolved ug/L as V <6 <6
Zinc, dissolved pg/L as Zn 210 390 5,000 ug/L SMCL 2
Dichlorobromomethane ug/L <3 <3
Carbon tetrachloride peg/L <3 <3 5 ug/L PMCL 3
1,2-Dichloroethane pg/L <3 <3 5 pg/L PMCL 3
Bromoform pg/L <3 <3
Chlorodibromomethane pg/L <3 <3
Chloroform pg/L <3 <3
Toluene ug/L <3 <3
Benzene ug/L <3 <3 5 pg/L PMCL 3
Chlorobenzene pg/L <3 <3
Chloroethane pg/L <3 <3
Ethylbenzene pg/L <3 <3 680 ug/L PMCL 3
Methyl bromide pg/L <3 <3
Methyl chloride pg/L <3 <3
Methylene chloride ug/L <3 <3
Tetra chloroehylene ug/L <3 <3 5 ug/L PMCL 3
Trichlorofluoromethane ug/L <3 <3 .
1,1-Dichloroethane pg/L <3 <3
1,1-Dichlorethylene pg/L <3 <3 5 pg/L PMCL 3
1,1,1-Trichloroethane ug/L <3 <3 200 pg/L PMCL
1,1,2-Chloroethane pg/L <3 <3
1,1,2,2 Tetrachloroethane ug/L <3 <3
1,2-Dichlorobenzene pg/L <3 <3
1,2-Dichloropropane ug/L <3 <3
1,2 Transdichloroethylene ug/L <3 <3
1,3-Dichloropropane ug/L <3 <3
1,3-Dichlorobenzene pg/L <3 <3
1,4-Dichlorobenzene pg/L <3 <3
2-Chloroethyl vinyl ether pg/L <3 <3
Trans 1,3-Dichloropropene ug/L <3 <3
Dichlorodifluoromethane ug/L <3 <3
Cis-1,3-Dichloropropene ng/L <3 <3
Vinyl chloride ug/L <3 <3 1 pg/L PMCL 3
Trichloroethylene ug/L <3 <3 5 pg/L PMCL 3

IMaximum level is adjusted according to mean maximum daily air temperature (U.S. Environmental Protection Agency,
1976). For 72.5 °F at Vallecito Valley (National Oceanic and Atmospheric Administration, 1984), the level is 1.6 mg/L.
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EXPLANATION

ov  SPRING AND NUMBER
12FS1

N WELL AND NUMBER

WATER-QUALITY DIAGRAM (From Stiff,
1951)-Differences in configuration reflect
differences in chemical character. The area of the
diagram is an indication of dissolved-solids
concentration. The larger the area of the
diagram, the greater the dissolved solids
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Figure 12. Chemical quality of water from selected wells and springs in the Vallecito Valley area.
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A fourth possible factor influencing the
difference in water quality in the northern and
southern areas is variation in the composition
of the sediments that compose the aquifer.
The concentrations and types of chemical con-
stituents in ground water can change as chemi-
cal reactions take place. For example, water
in contact with clay lenses may undergo an
increase or decrease in certain constituents
because of ion exchange. Also, distance of
travel may have an effect. The increase in
dissolved solids in the downgradient direction,
seen in sections 16, 9, and 10, may be caused
by the longer flow path of water and the
associated chemical reactions that occur when
the ground water is in contact with the sedi-
ments.

Manzanita Site

The same methods used to evaluate the
Vallecito Valley site were used at the
Manzanita site. Minor modifications to the
methods were made to adjust for differences in
the physical setting and hydrogeologic charac-
teristics of the two sites.

PHYSICAL SETTING

The Manzanita landfill site is within the
Manzanita Indian Reservation, approximately
50 direct miles east of San Diego, in southeast-
ern San Diego County (fig. 1). The distance
by road is about 60 miles. The elongated site
is in an area of ridges and valleys on the
southeast flank of the Laguna Mountains and
within the eastern part of the Peninsular Rang-
es batholith.

The Manzanita site is located on part of a
broad ridge called the Tecate Divide (fig. 13),
which extends south beyond the United States-
Mexico border. The ridge has saddles and
knobs along its length, but in general the ridge
gradually rises in altitude from about 4,100
feet near Interstate 8 to about 4,600 in section

22, T. 16 S., R. 6 E,, near the break in slope of
the Laguna Mountains. The highest part of
the axis of the ridge within the site is a hill
south of test hole L-1 (fig. 13), and the lowest
part is a saddle near observation well 16S/6E-
34A1. The land surface descends to valleys on
both the west and east sides of the divide.
The east side of the ridge is steeper and has
greater total topographic relief. The
Manzanita site contains about 244 acres. The
east and west sides of the site are limited by
an increase in steepness of the slope and by
absence, due to erosion, of weathered materi-
al. The site is 2 miles north of Interstate 8; it
is accessible by a graded dirt road that crosses
the Campo Indian Reservation and continues
through the site along the axis of the ridge.

The Manzanita Indian Reservation is bor-
dered by other Indian reservations, other
Federal land, and private land (fig. 13). About
7 houses are west of the site and about 10
houses, a tribal hall, and a horse camp are to
the east. In addition, a tribal office is immedi-
ately south of the site and scattered houses are
to the south near Interstate 8.

The climate at the Manzanita site is semi-
arid, with a mean annual rainfall of about 19
inches for the period 1897-1947 (California
Department of Water Resources, 1967, plate
5). The nearest rainfall records are for the
town of Manzanita S miles southeast of the
site. Average annual rainfall at the town,
which is 800 feet lower in altitude than the
site, is 15.6 inches for the period 1971-85. The
wettest months for the area are November
through March. In some years, August also is
a relatively wet month because of thunder-
storms or tropical storms. The mean annual
temperature is approximately 58 °F (Hely and
Peck, 1964, pl. 4). The site often is windy and
currently is monitored for wind conditions by
a public utility (Frances Shaw, Manzanita
Indian Reservation, oral commun., 1985).
Vegetation at the site consists primarily of
grasses and shrubs.
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GEOLOGIC FEATURES AND LITHOLOGY

Local geology was described using existing
geologic maps and reports (Moyle and
Downing, 1978; Todd and Shaw, 1979). As at
the Vallecito site, verification and modifica-
tions were made through the use of aerial
photographs and limited field observations.

The geology of the Manzanita area is domi-
nated by the presence of igneous and meta-
morphic rocks related to the Peninsular Rang-
es batholith. Many of the rock types are
similar to those forming the borders of
Vallecito Valley. In contrast to the Vallecito
site, which is in an area of thick alluvial fill
consisting of material that was transported and
deposited in Vallecito Valley, the Manzanita
site is in an area of crystalline rock that has
been weathered or partially weathered in place
to depths of as much as 200 feet.

The Manzanita site, and much of the sur-
rounding area, is underlain by granitic rocks of
Cretaceous age (Moyle and Downing, 1978, pl.
1) (fig. 14). The mountainous area northwest
of the site is mapped as basement complex,
which consists primarily of metamorphic rocks,
along with granodiorite, gabbro, and quartz
diorite (fig. 14). These rocks are of Creta-
ceous to Triassic age or older, and predate
emplacement of the batholith (Moyle and
Downing, 1978, pl. 1). The basement complex
generally does not yield water to wells (Moyle
and Downing, 1978, p. 5).

The granitic rocks are both fractured and
weathered. Major fractures appear as vegeta-
tion lineaments on low-altitude aerial photo-
graphs and are shown in figure 14. Springs
occur along these lineaments, such as on the
eastern slope of the ridge that contains the
site. The principal direction of fractures,
approximately N. 25° W,, is parallel to the
major lineaments on the east side of the ridge
and to the ridge itself. A secondary set of
fractures, also visible on aerial photographs,
trends approximately N. 73° E.

No faults are mapped in the area. It is
possible that some of the fractures have lateral
displacement of their surfaces, which technical-
ly would classify them as faults.

Bedrock is exposed at the site as small,
isolated boulder outcrops along the ridge, and
as larger areas of outcrop on both sides of the
ridge where erosion has taken place. Most of
the broad crest of the ridge is composed of
weathered granitic rock.

Many of the valleys and stream channels in
the area contain alluvium that ranges in thick-
ness from a few feet to about 100 feet (Moyle
and Downing, 1978, p. 5). The alluvium is
composed of sand, silt, and fine gravel derived
from the granitic rocks and transported by
streams. The alluvium yields water to wells;
the quantity yielded depends on the thickness
of the alluvium, its hydraulic properties, and
the type of well construction (Moyle and
Downing, 1978, p. 5). The alluvium is not a
source of large quantities of water in the area
of the Manzanita site.

As at the Vallecito Valley site, test drilling
was used at the Manzanita site to obtain sub-
surface lithologic samples and to construct
shallow observation wells. Drilling at the
Manzanita site was somewhat experimental
because it was not known if the auger would
be able to penetrate the weathered rock.

The granitic rock at the Manzanita site is
chemically weathered in place and has decom-
posed, to varying degrees, to depths as much
as 100 feet or more at some locations. The
terms used locally to describe the weathered
rock are "residuum" or "decomposed granite."
The drilling and lithologic sampling provided
some information about the degree and depth
of weathering, but precise interpretation is
difficult. Specifically, the ease of augering and
the appearance of the core samples provide
indications of broad changes in degree of
weathering with depth or location. Sieving
and particle-size analysis of the samples at
weathered-rock sites is less useful for hydro-
logic interpretations than at alluvial sites.
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Figure 13. Topography, cultural features, land ownership, and location of wells and springs,
Manzanita site and vicinity.
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EXPLANATION FOR FIGURE 13

LAND OWNERSHIP-

United States of America, public domain

United States of America, Indiax}
reservations (Campo, Manzanita, LaPosta)

[:’ Private land

—.—BOUNDARY OF INDIAN RESERVATION
VES 2601e VERTICAL ELECTRICAL SOUNDING SITE

170 TEST HOLE

SPRINGS-

DSt
ov Stock

JSt
¢ Unused

D i
2 Extinct

WELLS-
2 .
D. Domestic

SA! Observation
U  Unused

w2 Destroyed

At the Manzanita site, the top 2 or 3 feet
of residuum is a dark brown sandy or gravelly
soil. At a depth of about 5 to 20 feet, the
appearance of the samples becomes more like
that of fresh rock, with relatively unweathered
quartz, feldspar, and biotite mineral grains in
undisturbed positions but with microfractures
between and within the mineral grains. The
feldspars have weathered to clay to some
degree, and partially oxidized biotite grains
cause orange mottles. The weathered rock
appears solid but can be crumbled between
one’s fingers to produce primarily fine to very
coarse sand and very fine gravel.

In general, the crystalline rock at the
Manzanita site is weathered to varying depths,
commonly greater than 50 feet. The degree of
weathering can vary with depth, but trends are
difficult to distinguish. Interpretation based on
drilling speeds indicates that several of the test
holes and test wells may have encountered a
transition zone between weathered rock and
harder unweathered bedrock or fractured
bedrock. At most test holes augured for this
project, drilling speeds ranged from about 0.3
ft/min, or greater, to depths of 30 to 80 feet to
less than 0.2 ft/min below those depths. The
change in drilling speed seems to coincide with
the degree of weathering and (or) the pres-
ence of ground water. This change took place
at about 30 feet in test hole L-4, 30 feet in
well 27P1 (coinciding with the water table), 37
feet in test hole L-1, 55 feet in well 27K1 (5
feet below the water table), 65 feet in well
34A1 (also 5 feet below the water table), and
80 feet in test hole L-2. Below the water table,
the silt and clay produced by weathering and
by the grinding action of the auger can form a
somewhat gummy matrix that slows the auger.
For those test holes in which the drilling speed
changes at or immediately below the water
table, it is not known whether the water table
is coincidentally near the transition zone, the
water table is perched on the less-permeable
zone, or the change in speed is due partly to
the gumminess of the wet cuttings. Drillers
working in the Laguna Mountains area report-
ed alternating decomposed granite and hard
rock at some locations; this phenomenon may
be due to spheroidal weathering (Ganus, 1974,

p. 88).
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EXPLANATION FOR FIGURE 14
ALLUVIAL UNITS

Qa | ALLUVIUM (Quaternary)-Sand, gravel, silt, and
clay beneath small stream channels and alluvial
valleys. Thickness ranges from a few feet to
about 100 feet. Generally yields small to
moderate quantities of water

BEDROCK UNITS-

TONALITE (Cretaceous)-Yields small to
moderate quantities of water where highly
fractured or deeply weathered

BASEMENT COMPLEX (Mesozoic)-Includes
granodiorite and gabbro of Cretaceous age,
quartz diorite of Jurassic age, and schist of
Triassic age

GEOLOGIC CONTACT

LINEAMENT-

Representative fracture pattern, mapped from
aerial photographs

\ Major lineament
o+ FLOWING SPRING

o« DRY SPRING

The particle-size distribution of the weath-
ered-rock samples, in contrast to that of alluvi-
al samples, does not provide a clear indication
of the hydrologic properties of the aquifer.
The microfractures between grains and the
weathering products, such as clay, have formed
in place rather than as a result of having been
abraded, sorted, and repacked during sediment
transport and deposition. Sieving necessitates
the breakup of the weathered rock into grains
or groups of grains, and therefore does not
preserve or reflect the hydraulic characteristics
of the microfractures. The results of sieving of
selected drive samples are shown in table 8.
The samples have a fairly even distribution of
particle sizes in the fine-sand to very-fine-
gravel categories. The primary controlling
factor in determining particle size probably is
the original mineral-grain sizes in the crystal-
line rock. The fines ("pan" category, table 8)
are partly the result of the crushing of mineral
grains during sampling, especially for samples
taken in the deeper or less-weathered zones,
and partly the products of weathering.

Drilling also provides a method of checking
interpretations made from electrical-resistivity
soundings. Interpretation of the electrical-
resistivity data at the site where test hole L-1
later was drilled indicated weathered rock to
a depth of 17 feet with less-weathered rock
below. Samples taken during augering at this
site confirmed the resistivity interpretation,
showing a change to fresher appearing weath-
ered rock at 16 feet. Below this contact, the
degree of weathering varies rather than be-
coming consistently less with depth. The
second vertical electrical sounding, at test hole
I-2, indicated weathered rock to 350 feet, the
maximum depth of the sounding, and a more-
weathered zone (increased clay content) from
10 to 25 feet below land surface. The auger
samples, however, mostly crumbled to sand
and very fine to fine gravel-size particles,
rather than clay, in the zone from 10 to 25 feet
below land surface. The cause of the increase
in conductivity above 25 feet, therefore, is
unknown.
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SURFACE WATER

The hydrologic system at the Manzanita site
is different from the hydrologic system at the
Vallecito site because of the differences in
physical and geologic settings. Two primary
factors that set apart the Manzanita site are
the ridge location of the site and the weath-
ered-rock/fractured-rock nature of the aquifer.

Surface-water features are not prominent
within the Manzanita site, because the site is
on a surface-water divide. On the site, runoff
in response to intense rainfall occurs primarily
along the graded dirt roads and in the small
saddles that cross the ridge. Small ephemeral
streams drain both sides of the ridge, and
larger ephemeral streams are present in the
valleys to the east and west (fig. 14). Minor
perennial surface flow, largely the result of
discharge from springs, occurs for short reach-
es in channels in parts of sections 26 and 35
(including the wet area near McCain Ranch).

GROUND WATER

Recharge, Ground-Water Movement, and
Discharge

Determination of water levels or hydraulic
head may help answer questions relevant
to landfill siting, such as: (1) Are parts of the
weathered rock saturated? (2) How thick is
the unsaturated weathered rock? (3) How
extensive is the saturated weathered rock? (4)
What is the direction of ground-water move-
ment to and from the site? (5) What is the
nature of the hydraulic connection between the
bedrock and weathered rock? and (6) Is water
in the bedrock part of a regional flow system?
Depth to water along the ridge at the
Manzanita site, which is relevant information
for the first four questions, was not known
prior to augering of test holes and wells. A
complete answer to the fifth question would
have required water-level measurements and
aquifer tests in wells that penetrate both
weathered rock and bedrock and that have

nearby observation wells in which one zone is
isolated using packers. The last question,
concerning regional flow, would have required
more extensive study of water quality in addi-
tion to regional water-level data. Multiple-
zone water-level measurements and aquifer
tests and detailed water-quality studies were
beyond the scope of the study.

Information is lacking about the locations
and mechanisms of recharge and the flow
paths that water takes through the aquifer
system. Two mechanisms of recharge to the
ground-water system are probable. First,
precipitation infiltrates and percolates into the
weathered rock, and some of that water proba-
bly continues downward to enter the unwea-
thered rock through fractures. The details of
hydraulic connection between the weathered
rock and the fractured granitic rock below are
not well understood. Second, rainfall or
surface water may infiltrate directly into frac-
tures in areas of exposed crystalline rock. In
either mechanism, movement of water into the
fractures may be impeded at some locations by
the presence of clay in the fractures.

Ground water in the area of the Manzanita
site occurs both in the intergranular voids of
the weathered crystalline rock and in fractures
in the unweathered rock. Three of the test
wells augered on or near the crest of the ridge
(27K1, 27P1, and 34Al; fig. 13) encountered
ground water in the weathered rock at depths
ranging from 18 to 53 feet (table 9). The test
wells, which have 2-inch-diameter casing and
perforated intervals of 5 to 10 feet, yielded less
than 1 gal/min. Water found in the weathered
rock probably is recharged by infiltration of
rainfall on the ridge. Other test holes on the
ridge (fig. 13) were drilled either as deep as
the length of auger allowed (about 80 feet) or
until drilling speeds became slow, but the
holes did not reach the water table. There-
fore, the depth to water in the weathered rock
on the ridge is variable with location and
sometimes is greater than the depth to the top
of the transition zone between weathered rock
and unweathered fractured rock.
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The extent and nature of the ground-water
system in the fractured crystalline rock are not
well known. The system likely is regional, as
indicated by the broad extent of the fracturing
seen on aerial photographs. Most of the
existing wells from which water-level measure-
ments were obtained at the Manzanita site are
drilled through the weathered rock and into
the fractured unweathered rock to total depths
of 200 to 500 feet (table 9). Most wells are
cased to the bottom of the 50- to 70-foot-thick
weathered-rock zone and are uncased below.
The bottom 20 feet of casing generally is
perforated. Unweathered rock below the
weathered granitic rock generally is described
in drillers’ logs as thin zones of fractured
(jointed) rock, most commonly less than 1 to
10 feet in thickness, alternating with much
thicker (20 to 80 feet) zones of solid unfract-
ured rock. Drillers also reported that most of
the yield of the wells seems to be produced
from the weathered zone. Some yield also
may be from the top part of the unweathered
zone.

Water-level altitudes and depth to water in
the Manzanita site and vicinity are shown in
figure 15. The highest water levels were in
wells located on the highest parts of the undu-
lating ridge. Ground water generally moves
downgradient in westward and eastward direc-
tions from the ridge. Springs and wells are
located downgradient from the Manzanita site.
Some water also may move from the north and
south ends of the ridge toward the center of
the site. An alternative interpretation is that
the ground-water levels in wells along the axis
of the ridge may represent isolated perched
zones that are not in hydraulic connection with
one another. Water-level contours were not
drawn because of the sparse distribution of
data and the steepness of the water table.
Additional wells would improve definition of
the water table and the direction of movement
of ground water within and near the study site.

Water-level altitudes south of the study site
near Interstate 8 also are shown in figure 15.

The water-level altitudes to the south generally
are lower than those at the site.

Water levels were measured periodically
during May-September 1986. Generally, Sep-
tember water levels were about 1 to 5 feet
lower than May water levels (table 9). The
largest decline was 8.6 feet in well 27N1. Two
test wells completed in weathered rock on the
ridge had water-level declines of 1.4 feet
(27K1) and 2.8 feet (27P1), and a third well
(34A1) had an increase of 0.4 foot. The
general decline in water levels probably repre-
sents seasonal fluctuation.

Ground water discharges as evapotranspira-
tion in the valleys and as flow from springs on
the eastern and western sides of the ridge.
Again, the role of shallow circulation in the
weathered rock as compared with deeper
circulation in the fractured rock is not clear.
Evapotranspiration probably takes place from
the shallow part of the system. On the other
hand, many of the springs seem to be fed by
fractures, as is indicated by their location
along major fracture-related lineaments. Two
relevant questions are whether the weathered-
rock ground-water system of the ridge is con-
tinuous to the west and east, and whether
ground water has significant lateral movement
either in the weathered rock or in the frac-
tured rock.

EXPLANATION FOR FIGURE 15

° WELL
WELL DATA-

Water-level altitude, in feet above
sea level
4,058
-5—2—(SEPT 1986)
Date of measurement
Depth to water, in feet
below land surface

60 Methods for Selection and Hydrologic Description of Potential Landfill Sites



116°22'30" R6E 116°20°

B

l\x/’\*q —J;'\/]L‘Z

(SEPT 1986)_H,f‘£ i

{3
T

7

BN

»
-

Ny

25

.

TATN

12

~
“~ LA POS

e

. N

kuoov,u E
LD o

-

I

|

|

N

[

L AdS . -
oy L ~.' R EQS E R V AT 1,0 N .

Base from U.S. Geologmal Survey 0 1 2 MILES
Live Oak Springs, 1975 and [I) ] L é KILOMETERS d
Sombrero Peak, 1975; 1:24,000 R INTERVAL 40 FEET

National Geodetic Vertical Datum of 1929

Figure 15. Water-level altitude and depth to water, Manzanita site and vicinity.
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Agquifer Characteristics

To provide an estimate of the hydraulic
conductivity of the weathered-rock part of the
system, slug and bail displacement tests were
done using three observation wells. The
results, shown in table 10, indicate that hy-
draulic conductivities for the screened zones
generally are one to two orders of magnitude
lower than the estimates (table 4) for the
Vallecito Valley area. The hydraulic conduc-
tivities determined from the slug tests are
higher than those from the bail tests; the
difference is greatest for well 34Al. The
accuracy of the tests is unknown; the small
volumes of water displaced may have stressed
mainly the material that filled in around the
screen in the drill hole rather than the undis-
turbed formation. The range in values for the
displacement test is two orders of magnitude,
which generally is a common result for aquifer
tests.

Well 16S/6E-34R1, a 500-foot-deep well on
the ridge immediately south of the Manzanita
study area, was used for a recovery test after
being pumped for 240 minutes at approximate-
ly 13.6 gal/min. The construction of this well
is different from that of the other test wells,
which are less than 75 feet deep. Casing in
well 16S/6E-34R1 is perforated primarily
below the weathered rock. Analysis of the

Table 10.--Estimates of hydraulic conductivity
for the perforated interval of test wells,
Manzanita site

[Hydraulic-conductivity values are in feet per day. --, no
data available]

Thickness
of . Re-
Well No. perforated -Displacement test  covery
interval, ug Bail Aver-  test
in feet age

16S/6E-27K1 10 061 014 0375 --
16S/6E-27P1 8 43 1 27 -
16S/6E-34A1 5 124 015 63 -
16S/6E-34R1 436 -- - - 0.002

recovery test indicated a hydraulic conductivity
of 0.002 ft/d for the perforated interval. This
figure was obtained by dividing the calculated
transmissivity by the length of perforated
casing that penetrates both fractured (low
permeability) and unfractured (very low per-
meability) bedrock. Thus, the figure repre-
sents an average value of hydraulic conductivi-
ty and is small.

Water Quality

Water samples were collected from three
wells at or near the Manzanita site for chemi-
cal analysis. In addition, analyses were avail-
able for 10 other wells. The results of analy-
ses for major anions and cations are shown in
table 11, and the results of a more detailed
analysis of water from three selected wells are
shown in table 12. Specific conductance
ranges from 180 to 580 uS/cm, and the water
quality generally is suitable for most uses. The
water meets U.S. Environmental Protection
Agency standards for drinking water, with the
exception that dissolved iron and dissolved
manganese in observation well 16S/6E-27K1
exceeded secondary maximum contaminant
levels (recommended primarily for esthetic
and taste reasons) (table 12). Well 16S/6E-
26A1 (table 11) also had a high concentration
of iron.

Chemical quality of water from selected
wells is shown in figure 16. The relative sizes
of the water-quality diagrams show the differ-
ences in concentrations of dissolved solids.
The similar shape of most of the diagrams
indicates that the relative abundance of major
anions and cations does not vary substantially
with location or well depth. The predominant
cation is sodium and the predominant anion is
bicarbonate--with the exception that calcium is
the predominant cation in water from well
16S/6E-27N1. Sodium calcium bicarbonate
composition is typical for water extracted from
tonalites (the predominant type of granitic
rock in the area of the Manzanita site) (Cali-
fornia Department of Water Resources, 1967,

p- 89.)
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Table 12.--Detailed chemical analyses of water from selected wells, Manzanita site and vicinity

Property or constituent: Organic compounds are analyzed by purging and trapping; the value listed is the total
recoverable for each compound (Feltz and others, 1985).

Units: NTU, nephelometer turbidity units; pS/cm, microsiemens per centimeter; standard units, negative logarithm of
hydrogen concentration; mg/L, milligrams per liter; pg/L, micrograms per liter.

Value or concentration: <, concentration is less than the detection limit. The detection limit is the value that follows this

symbol.

EPA maximum level: U.S. Environmental Protection Agency maximum level for drinking water. MCL, maximum
contaminant level; SMCL, secondary maximum contaminant level; PMCL, proposed maximum contaminant level;

PRMCL, proposed recommended maximum contaminant level.

Number after abbreviation indicates source of

standard: 1, U.S. Environmental Protection Agency (1976); 2, U.S. Environmental Protection Agency (1979); 3, U S.
Environmental Protection Agency (1985); 4, U.S. Environmental Protection Agency (1986).

Property

Value or concentration
or Units for well: EPA maximum
constituent 16S/6E- 16S/6E- 16S/6E- 16S/6E- level
26G1 26G1 27K1 34R1

Datecollected .. ..................... 3/19/86 5/14/86 6/25/86 5/14/86
Specific Conductance (field) pS/cm 201 - 251 557
Specific Conductance (lab) pS/cm 190 200 286 580
pH (field) Standard units 6.7 - 6.6 7.5
pH (lab) Standard units 73 73 6.7 74
Water temperature Degrees Celsius -- 17.5 16.5 15
Turbidity NTU 03 1 22 12
Calcium, dissolved mg/L as Ca 12 13 15 17
Magnesium, dissolved mg/L as Mg 3.1 31 22 23
Sodium, dissolved mg/L as Na 20 20 4 81
Potassium, dissolved mg/L as K 13 13 2 2
Alkalinity (field) mg/L as CaCO, 44 - 72 114
Alkalinity (lab) mg/L as CaCO, 56 58 69 123
Sulfate, dissolved mg/L as SO, 34 39 22 12 250 mg/L SMCL 2
Chloride mg/L as Cl 12 13 10 76 250 mg/L SMCL 2
Fluoride, dissolved mg/L as F 04 0.3 0.7 0.2 122mg/LMCL 1
Silica, dissolved mg/L as Si0, 4 41 ! 29
Solids, dissolved, sum of mg/L 130 120 210 290 500 pg/L SMCL 4

constituents
Nitrogen, NO, + NO;, mg/L as N 3.7 0.14 12 3.7 10 mg/L MCL 4

dissolved
Nitrogen, ammonia, dissolved  mg/L as N <0.01 0.03 0.09 0.04
Nitrogen, ammonia + organic, mg/L as N 0.5 03 0.7 0.6

dissolved
Phosphorus, dissolved mg/L as P 0.03 0.03 0.09 0.05
Phosphorus, orthophosphate, mg/L as P 0.20 0.03 0.08 0.02

dissolved
Barium, dissolved pg/L as Ba 25 29 150 140 1,000 pg/L SMCL 4
Beryllium, dissolved pg/L as Be <05 <0.5 <05 <0.5
Boron, dissolved ug/L as B 30 20 30 60
Cadmium, dissolved ug/L as Cd <1 <1 <1 <1 10 pug/L MCL 4
Cobalt, dissolved pg/L as Co <3 <3 <3 <3
Copper, dissolved pg/L as Cu <10 <10 20 10 1,000 pg/L SMCL 2
Iron, dissolved pg/L as Fe 21 76 1,500 35 300 pg/L SMCL 4
Lead, dissolved pg/L as Pb <10 <10 <10 10 50 ug/L SMCL 4

See footnote at end of table.
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Table 12.--Detailed chemical analyses of water from selected wells, Manzanita site and vicinity--

Continued
Value or concentration
Property Units for well: EPA maximum
or 16S/6E- 16S/6E- 16S/6E- 16S/6E- level
constituent 26G1 26G1 27K1 34R1
Date collected . ... .......ccoiuunna... 3/19/86 5/14/86 6/25/86 5/14/86
Lithium, dissolved pg/L as Li 39 37 21 17
Manganese, dissolved pg/L as Mn 4 11 460 6 50 pg/L SMCL 4
Molybdenum, dissolved pg/L as Mo <10 <10 <10 <10
Strontium, dissolved pg/L as SR 150 150 170 260
Vanadium, dissolved pg/Las V <6 <6 <6 <6
Zinc, dissolved pg/L as Zn 180 890 230 2,600 5,000 pg/L SMCL 2
Dichlorobromomethane pg/L <3 <3 <3 <3
Carbon tetrachloride ug/L <3 <3 <3 <3 5 ug/L PMCL 3
1,2-Dichloroethane pug/L <3 <3 <3 <3 5 pg/L PMCL 3
Bromoform pg/L <3 <3 <3 <3
Chlorodibromomethane ng/L <3 <3 <3 <3
Chloroform pg/L <3 <3 <3 <3
Toluene pg/L <3 <3 <3 <3
Benzene pg/L <3 <3 <3 <3 5 pg/L PMCL 3
Chlorobenzene pg/L <3 <3 <3 <3
Chloroethane pg/L <3 <3 <3 <3
Ethylbenzene pg/L <3 <3 <3 <3 680 ug/L PMCL 3
Methyl bromide pg/L <3 <3 <3 <3
Methyl chloride ug/L <3 <3 <3 <3
Methylene chloride wg/L <3 <3 <3 <3
Tetra chloroehylene ug/L <3 <3 <3 <3 5 pg/L PMCL 3
Trichlorofluoromethane pg/L <3 <3 <3 <3
1,1-Dichloroethane pg/L <3 <3 <3 <3
1,1-Dichlorethylene pg/L <3 <3 <3 <3
1,1,1-Trichloroethane pg/L <3 <3 <3 <3 200 pg/L PMCL
1,1,2-Chloroethane pg/L <3 <3 <3 <3
1,1,2,2-Tetrachloroethane pg/L <3 <3 <3 <3
1,2-Dichlorobenzene pg/L <3 <3 <3 <3
1,2-Dichloropropane pg/L <3 <3 <3 <3
1,2-Transdichloroethylene pg/L <3 <3 <3 <3
1,3-Dichloropropane pg/L <3 <3 <3 <3
1,3-Dichlorobenzene pg/L <3 <3 <3 <3
1,4-Dichlorobenzene pg/L <3 <3 <3 <3
2-Chloroethyl vinyl ether pg/L <3 <3 <3 <3
Trans 1,3-Dichloropropene pug/L <3 <3 <3 <3
Dichlorodifluoromethane ug/L <3 <3 <3 <3
Cis-1,3-Dichloropropene pg/L <3 <3 <3 <3
Vinyl chloride pg/L <3 <3 <3 <3 1 pg/L PMCL 3
Trichloroethylene pg/L <3 <3 <3 <3 5 pg/L PMCL 3

!Maximum level is adjusted according to mean maximum daily air temperature (U.S. Environmental Protection Agency,
1976). For 53.8 °F at Manzanita Indian Reservation (National Oceanic and Atmospheric Administration, 1984), the level

is 2.2 mg/L.
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Figure 16. Chemical quality of water from selected wells, Manzanita site and vicinity.
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EVALUATION OF METHODS FOR
SELECTION AND DESCRIPTION OF
POTENTIAL LANDFILL SITES

Phase 1 Methods

The following comments and evaluations can
be made of methods used during the phase 1
reconnaissance-level appraisal of potential
landfill sites:

1. U.S. Geological Survey 7.5-minute topo-
graphic maps are useful in the preselection
of potential sites and in the compilation of
preliminary information for the phase 1 sites.
The information obtained from maps in-
cludes site dimensions, slope, altitudes,
surface-drainage patterns, and cultural fea-
tures. Information from topographic maps
needs to be supplemented by field observa-
tions. Landsat high-altitude images did not
provide enough detail to be useful in select-
ing or appraising potential sites. Generally,
the lineaments and geologic features visible
on the Landsat images are large-scale fea-
tures that have been mapped previously.
Low-altitude photographs are especially
useful for observing geologic, structural,
surface-water, and cultural features.

EXPLANATION FOR FIGURE 16

M WELL AND NUMBER

WATER-QUALITY DIAGRAM (From Stiff,
1951)-Differences in configuration reflect
differences in chemical character. The area of the
diagram is an indication of dissolved-solids
concentration. The larger the area of the
diagram, the greater the dissolved solids
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2. Field visits, compilation of existing data,
and limited collection of field data are valu-
able methods for preliminary evaluation of
phase 1 sites. The field visits primarily in-
volve observations of geomorphology, occur-
rence of bedrock outcrops, surface-water
features, and evidence of shallow ground
water. Existing data are useful--especially
well records, surface and borehole geophys-
ics, climate records, surface-water records,
geologic maps, and seismic studies. Unfortu-
nately, existing data commonly are sparse
and nonuniform in distribution. In particu-
lar, water-level and surface-water data com-
monly are available (at best) only for areas
adjacent to a site. Some data, such as drill-
ers’ logs, can be difficult to interpret. The
field data that are collected consist primarily
of water-level measurements at existing wells
and vertical electrical soundings.

3. Vertical electrical soundings have the
advantage of providing a quick and relatively
effective method of collecting subsurface
lithologic information, such as approximate
thickness of alluvium or residuum, without
drilling test wells. Doing electrical-resistivity
soundings can be less time consuming and
less expensive than drilling test holes, espe-
cially when great depths and numerous sites
are involved during the reconnaissance
phase. (However, during phase 2, shallow
drilling and drive sampling with a hollow-
stem auger rig was nearly as quick as doing
resistivity soundings.) In this study, vertical
electrical soundings were particularly useful
in determining the contact between residuum
or alluvium and the partially weathered or
unweathered bedrock below. Interpretation
of the soundings was less successful in deter-
mining depth to water. Seismic refraction
geophysics also can be a useful reconnais-
sance method for determining bedrock con-
tacts, although the method was not used in
this study.

The disadvantages of the resistivity sound-
ings in comparison with drilling and sam-
pling are: (a) Data collected are indirect
rather than in the form of actual lithologic
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samples; (b) manipulation and interpretation
of the data require adjustment when as-
sumptions, such as the presence of hori-
zontal isotropic layers, are not met; (c) the
solutions are nonunique, and correct inter-
pretation of the data requires some indepen-
dent knowledge of the hydrogeologic setting;
(d) the geoelectric layers detected by a resis-
tivity sounding may not coincide with, or
reflect, lithologic changes; and (e) some
changes in lithology may not be electrically
distinct enough to be detected. Despite
these potential disadvantages, the method
can be useful in landfill-siting studies.

4. The summary sheets and accompanying
maps are an effective method of presenting
preliminary geohydrologic information on
the potential landfill sites. A standardized
format, such as is used on the summary
sheets, is helpful in presenting the compiled
information in a concise and usable manner.
A subsequent field trip allows decision-
makers to view the sites in person and to
have questions answered by the hydrologist.

Phase 2 Methods

Evaluations of selected methods used during
the more-detailed phase 2 appraisals of two
geohydrologically distinct sites are given be-
low:

1. Observation of landforms and geologic
features is a useful tool in describing the
geohydrologic system. The observations, in
conjunction with subsurface data and geo-
logic maps, allow the application of hydro-
geologic information obtained from point
data to be applied to a larger area through
interpretation and extrapolation.

2. Subsurface lithologic information was
provided by augering and split-spoon sam-
pling of test holes. The data obtained from
drilling are advantageous because they are
in the form of actual samples rather than
the product of interpretation. These data
are valuable both for the direct subsurface
information obtained and as a tool for

evaluation and calibration of geophysical
methods such as vertical electrical sounding.
The augering was relatively quick, and
worked best in alluvium lacking large cob-
bles and boulders. Augering also worked
well and drilling times generally were fast in
residuum or weathered rock at the crystal-
line-rock site. However, augering does not
allow easy testing of the transition zone or
of fractured rock because of the hardness of
the rock. Drilling speed may be used as a
qualitative indication of degree of weather-
ing or of presence of ground water at weath-
ered-rock sites. Most of the disadvantages of
augering--including limited depth of penetra-
tion, difficulty with boulders in alluvium or
hard zones in weathered rock, and occa-
sional difficulty in installing casing--can be
overcome with a rotary rig. In some situa-
tions, such as deep exploration over a large
area is needed, geophysical methods would
be more practical than drilling.

The split-spoon sampler worked best
when hammered rather than pushed. Parti-
cles larger than 1.5 inches cannot be collect-
ed in the sampler and therefore must be
observed in the cuttings. The samples col-
lected in weathered rock show the general
degree of weathering but are difficult to
interpret hydrologically. The sampler could
not provide full-length or uncrumbled sam-
ples in the harder zones of weathered rock.
The grain-size distributions of the split-
spoon samples were described in the field,;
in addition, selected samples were analyzed
by sieving. For the alluvial site, the results
(percentage of fines) from the field descrip-
tions agreed well with the results from the
corresponding sieved samples. Sieving and
particle-size analysis of the samples at
weathered-rock sites is less useful for
hydrologic interpretations than at alluvial
sites.

3. Aerial photographs, field inspection, and
topographic maps all were valuable in a
non-quantitative geomorphic analysis used to
describe surface-water features that might
have an effect on the potential landfill sites.
Methods for quantitative analysis exist, but
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such analysis would require a separate study
to collect and analyze the appropriate data.

4. Aquifer tests consisted of recovery tests
and slug/bail tests in 2-inch-diameter test
wells at the Vallecito Valley site, and one
recovery test in a production well in addi-
tion to slug/bail tests in three test wells at
the Manzanita site. Of these methods, the
recovery test probably gave the most accu-
rate results; however, the results are better
suited for comparison of relative differences
in hydraulic conductivity at the various well
locations rather than for consideration as
precise values (such as might be obtained
from tests involving observation wells and
zone-isolation packers). The results of the
slug/bail tests may be biased, to some de-
gree, toward testing the fill around the well
screen in the borehole, as opposed to undis-
turbed aquifer material, owing to the small
volume (0.3 gal) of water displaced during
each test. At the Vallecito Valley site, the
hydraulic conductivities estimated from the
slug/bail tests were higher than the recov-
ery-test values. At both locations, the values
from the slug tests were higher than those
from the bail tests. For all the aquifer tests,
a pressure transducer was able to measure
small changes in water level over short time
intervals (0.3 foot per 0.08 minute, for exam-

ple).

5. Historical and current water-quality data
provide information on background water
quality in the site areas. The data also are
useful, in conjunction with geologic informa-
tion, for interpretation of the ground-water
flow system. Such interpretation can include
qualitative assessment of horizontal and
vertical components of flow, sources of
recharge, and flow between basins.

NEED FOR ADDITIONAL DATA

The work done in phase 2 of this study, the
collection of data and the detailed description
and evaluation of the Vallecito Valley and
Manzanita sites, pointed out the need for addi-
tional data. In most cases the need involves

methods of data collection and analysis that
were beyond the scope of the study. The addi-
tional data, discussed below, primarily would
be useful for the successively more detailed
site studies that generally would be done
further along in the site-selection and permit-
application processes.

1. The amount of flooding at a potential site
caused by a flood with a recurrence interval
of 100 years is of interest to landfill planners.
The size and effects of a flood for the
Vallecito Valley could be estimated using
several methods. Regional data compiled by
Waananen and Crippen (1977) could be used
by entering the drainage-basin area for the
Vallecito site in an equation based on
regression of data from gaged drainage
basins in the south Lahontan-Colorado
Desert region of California. Another meth-
od of estimating the 100-year flood is to use
the value determined by frequency analysis
of a nearby gaged basin and adjust the value
for differences in drainage area using one of
the equations developed for this purpose
(Waananen and Crippen, 1977, p. 4). Other
methods of estimating peak flow--such as the
channel-geometry, basin-characteristics,
index-flood, Soil Conservation Service, and
rational methods--are outlined by Potyondy
(1979). Computer modeling techniques for
basin surface-water flow are discussed by
Hromadka and others (1987). Of additional
interest would be hydraulic and geomorphic
study to estimate how much of the site would
be flooded or damaged by a 100-year flood.

2. Additional data could be collected con-
cerning aquifer properties and ground-water
movement at the Vallecito Valley and
Manzanita sites. Installation of several addi-
tional test wells near the upgradient (south-
western and southern) sides of the Vallecito
Valley site would allow better definition of
the depth to water and of water-table
gradients. The depth to water was greater
than expected (more than 90 feet) in these
areas and was not reachable with the auger
rig. More complete investigation of ground-
water hydraulics at the two sites would be
aided by installation of monitoring wells
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distributed areally within and around the
site and having perforations at a variety of
depths below the water table; this would
allow determination of the vertical
components of flow in addition to improved
definition of horizontal movements. Such
data would be especially useful at the
Manzanita site, where the depth to water is
variable over short distances and the dynam-
ics of the weathered-rock/fractured-bedrock
ground-water system are not well under-
stood. As a supplement to the types of
aquifer test performed in phase 2 at the
Vallecito Valley and Manzanita sites, tests
could be conducted using larger diameter
and deeper wells so that a larger volume of
aquifer around the pumped well could be
tested. The measurement of water levels in
nearby observation wells during the tests
would allow more accurate determination of
hydraulic conductivities and storage proper-
ties, both areally and with depth. Some
additional wells would have to be construct-
ed for these tests.

At the Manzanita site, the hydraulic and
physical characteristics of both the
weathered-rock and the fractured-rock
systems are not well known. Denser
coverage of the site by geophysical surveys
and additional test holes would yield more
information on the extent and continuity of
the weathered-rock aquifer. Geophysical
borehole logs--such as resistivity, neutron,
acoustic televiewers, and caliper logs--could
be run in the deep wells to determine
the degree and orientation of fracturing.
Aquifer tests, in which the test well is
pumped and water-level responses are mea-
sured in observation wells that tap either the
weathered rock or the fractured rock, would
be useful in determining the transmissivity,
permeability, and storage of both the
shallow and deep parts of the system. Other
aquifer tests, in which packers in both
pumped wells and observation wells are
used to isolate selected pumped zones and
observation zones in the fractured rocks and
shallower weathered rock, could help
determine the hydraulic connection between
the weathered rock and the fractured rock.

In-place vertical permeability of "soils"
(unsaturated-zone materials) was not tested.

3. Additional hydrologic information could
be obtained through further ground-water
sampling and chemical analysis. In the
Manzanita area, analyses of nitrogen nutri-
ents, boron, and stable isotopes in water
from a variety of depths might add to the
knowledge of ground-water movement and
hydraulic connection between weathered
rock and fractured rock. Isotope analyses
(tritium, deuterium/protium, oxygen-18/oxy-
gen-16, carbon-14) of water from shallow
and deep wells and from springs might help
give a general indication of rates of ground-
water movement and help determine if the
fractured rock is a reservoir that is
recharged only locally or if it is part of a
regional flow system. For example, tritium
analyses to determine relative ages of water
in samples taken from wells and springs and
perhaps a study of the relation (and lag
time) between precipitation and the change
in flow rate of springs might improve
understanding of the circulation of water
through the ground-water system. Similar
isotope analyses probably would help
determine locations of interbasin flow in the
Vallecito Valley area. Knowledge of the
circulation of ground water in the shallow
and deep systems at the Manzanita site
might also be aided by a study of the
relation between precipitation and the
change in flow rate of springs.

SUMMARY AND CONCLUSIONS

The primary objective of this study was to
develop and test methods for appraisal of
potential landfill sites using southeastern San
Diego County as the area of study. The
reconnaissance efforts that made up phase 1 of
the study resulted in selection of 13 potential
landfill sites. The topographic, cultural,
hydrologic, and geologic information compiled
during phase 1 was used by the San Diego
County Department of Public Works for
selection of two potential sites (Vallecito
Valley and Manzanita) that were studied in
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more detail during phase 2. The phase 2
studies were useful in determining basic
geologic and hydrologic conditions at the two
sites.

A variety of methods were used successfully
for evaluation of potential landfill sites during
the two phases of study. Methods applied to
phase 1 include the compilation of
topographic, geologic, and hydrologic
information from existing sources and from
limited site visits, and the use of vertical
electrical-resistivity soundings to provide
additional information about subsurface
geology. The topographic maps, low-altitude
aerial photographs, field observations, existing
hydrologic and climatic records, and
geophysical soundings were useful for compil-
ing and checking topographic, geologic, and
hydrologic data needed to describe the sites;
high-altitude Landsat photographs were less
useful.

Methods used in phase 2 include: (1) Data
collection from existing wells and springs on
and near the site; (2) drilling of test holes,
construction of test wells, and collection of
subsurface lithologic data; (3) measurement of
ground-water levels; (4) aquifer tests in the
test wells; and (5) water sampling and
chemical analysis. The augering of test holes
was relatively quick and provided actual
lithologic samples rather than the indirect
interpretation of lithologies obtained through
geophysical methods. The disadvantages of
augering include limited depth of penetration
and difficulties with boulders or with hard
zones in weathered rock. The water-quality
data provided information on the historical
water quality in the site areas. The data also
were useful, in conjunction with geologic
information and water levels, for interpretation
of the ground-water flow system. Such
interpretations could include qualitative
assessment of horizontal and vertical compo-
nents of flow, sources of recharge, and flow
between basins.

Findings from the more detailed phase 2
studies of the Vallecito Valley and Manzanita
sites include:

1. The results from test drilling in combi-
nation with interpretations of vertical
electrical soundings showed that a suitable
volume of unsaturated material is available
for excavation at both the Vallecito Valley
and Manzanita sites.

At the Manzanita site, the thickness of
weathered rock on the ridge and the degree
of weathering are variable. The thickness,
in particular, could be mapped in more
detail by drilling additional holes or by
running vertical electrical soundings or
seismic refraction surveys.

2. Faults are important features to note
from both a geologic and hydrologic point of
view when investigating landfill sites. A
potentially active fault, previously mapped
and visible both on aerial photographs and
in the field, is present near the Vallecito
Valley study site. The mapped configuration
was modified slightly after viewing aerial
photographs and contacting a geologist
familiar with the area. California Adminis-
trative Code landfill-siting regulations state
that new Class II landfills shall be set back
at least 200 feet from known Holocene
faults. Vegetation patterns and other data
indicate that the southern branch of the
Elsinore fault in Vallecito Valley functions
as a partial barrier to ground-water flow.
Geologists who have mapped the Manzanita
area have not noted any faults. However,
bedrock fracture lineaments are present.
These fractures, which probably influence
ground-water recharge, movement, and dis-
charge, are especially visible on aerial
photographs. Although it is possible that
some of the fracture lineaments are faults,
no strong evidence of offset along
lineaments was noted on aerial photographs
or during field visits.

3. Existing wells and reconnaissance wells
drilled for phase 2 of this study allowed
measurement of water levels on and near
the two sites. Water-level measurements
were used to determine thickness of
unsaturated material and direction of
ground-water movement. Data indicate that
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ground water is present in permeable
alluvial sediments at depths greater than 25
to 90 feet at the Vallecito Valley site. The
depth to water in permeable weathered rock
and fractured bedrock at the Manzanita site
ranges from 45 to more than 95 feet. Depth
to water generally is greater on the ridge
than on the sides of the ridge and in the
adjacent valleys. Wells and springs are
located downgradient from both the
Vallecito Valley and Manzanita sites, and
limited aquifer testing indicates that
hydraulic conductivities at the two sites
generally are greater than the specified
criterion of 2.8x103 ft/d.  Therefore,
impermeable liners or other means of
controlling the movement of leachate would
be needed to protect the ground-water
resources if either site were to be developed
as a Class II landfill.
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